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'rUE  substances  which  are  formed  in  the  Vegetable 
and  Animal  SystemSi  and  which  are  to  be  the  ^sub- 
jects of  consideration  in  this  volumei  are  all  compounds. 
From  the  nature  of  their  chemical  constitution,  they  de- 
rif e  peculiar  characters  by  whicht  they  are  connected  with 
each  other,  and  are  discriminated  from  the  compounds 
which  belong  to  the  mineral  kingdom. 

A  greater  number  of  primary  substances,  or  of  those 
which  we  regard  as  simple,  are  to  be  found  in  the  mineral 
kingdom,  but  these  are  generally  united  in  binary  combi- 
nations, or  by  the  direct  union  of  such  binary  cotn  pounds 
others  are  formed.     In  the  products  of  the  vegetable  and 
animal  systems,  the  ultimate  principles  are  less  varied  ;  but 
there  is  more  diversity  in  the  modes  in  which  they  are  com- 
bined. From  all  of  them  nearly  the  same  primary  substan* 
ces  are  obtained ;  but  these,  instead  6f  being  united  in  mere 
binary  combinations,  are  generally  in  more  complicated* 
srates  of  anion,  three,  four  or  more  substances  having  their 
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aflinitics  balanced,  so  as  to  form  one  individual  combina- 

• 

tion ;  and  from  diversities  in  the  modes  of  union,  rather 
than  from  differences  in  their  ultimate  principles,  arise  the 
differences  of  properties  by  which  they  are  distinguished. 
From  this  difference  in  constitution  arise  other  chemical 
characters  by  which  these  orders  of  natural  substances  are 
discriminated.     The  compounds  of  the  mineral  kingdom, 
consisting,  in  general,  of  two  immediate  principles,  united 
by  a  single  affinity,  have  no  tendency  to  suffer  spontaneous 
changes ;  or,  when  left  to  themselves,  there  is  no  cause  to 
disturb  th6  uniformity  of  their  mutual  attraction.  The  rela- 
tive force  of  attraction  by  which  their  principles  are  united, 
can  also  be  in  some  measure  estimated,  and  the  circum- 
stances by  which  that  attraction  is  modified  determined  : 
hence,  by  presenting  these  principles  to  each  other  under 
these  circumstances,  we  can  effect  their  combination,  or 
form  compounds  possessed  of  precisely  the  same  properties. 
We  can  analyse  these  compounds  with  equal  facility,  or,  by 
a  simple  decomposition,  separate  their  principles,  so  as  to 
obtain  them  isolated.  We  can  therefore  ascertain  with  ac- 
curacy their  composition,  both  as  to  the  nature  and  propor- 
tions of  theirconstituent  parts,  and  as  to  the  modes  in  which 
these  are  combined.  But  the  chemical  characters  of  the  ve- 
getable  and  animal  products  are  altogether  different.     As 
they  always  consist  of  three  or  more  principles,  which 
have  strong  mutual  attractions,  the  balance  of  these  at- 
tractions, whence  any  particular  compound  exists,  is  easily 
subverted  ;   the  principles  liave  a  perpetual  tendency  to  re- 
act on  each  other,  and  enter  into  new  combinations, — a  ten- 
dency rendered  efficient  by  the  slightest  alteration  of  cir- 
4  umstances.     Hence  arises  the  facility  of  decom position 
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which  is  characteristic  of  these  badieg :  they  are  liable  to 
tponuneous  changes,  fermentation  and  putfcfacrion  :  thcjr 
if*  mdily  acted  on  by  other  agents,  as  by  water  or  atmo- 
ipb<Tic  air ;  and  ihry  are  totally  changed  by  an  increase 
of  rempcnilure.  As  their  principles,  too,  have  mutual  affi- 
nities of  nearly  the  same  force,  liiey  never  escape  from  a 
combination  pure  aiid  uncombined,  but  unite  with  each  o> 
thcr,  fonninga  complicated  analysis;  and  as  their  composU 
tioD,  with  regard  to  the  ultimate  priijciples,  is  much  alike, 
Ae  produas  of  this  analysis,  in  the  different  individual  sub- 
kiances,  are  extremely  similar.  And,  laaity,  as  we  are  ioca- 
Ueof  batanctng  the  attractionsof  the  several  principles  of 
iich  llicyareformed,  or  of  placing  these  principles  under 
IP  circumstances  underwhichchey  were  brought  intounion 
^  the  vessels  of  the  animal  or  plant,  we  can  seldom,  by  ar- 
d  arrangements,  form  compounds  of  a  similar  nature. 
^iSucb  are  the  chemical  properties  which  distinguish  the 
iducib  of  organizaiioD, — iheif  susceptibilJiy  of  decom« 
iilioJi,  the  complicated  nature  of  their  analysis  and  the 
•unilariiy  of  its  products,  and  the  impracticability  of  their 
«nificial  formation  by  the  union  of  their  principles. 
llMre  ate  some  subordinate  disiinciions  between  theve- 
bble  and  the  animal  substances.  As  the  constituent  prin- 
>  oi  animal  mailer  are  tnore  numerous,  their  aflinitiet 
oe  nMfe  nicely  aijjusted,  and  more  liable  to  be  altered  by 
Um  slightest  alteration  of  circumstances.  Hence  the  aninul 
idnfiti  are,  in  general,  mare  susceptible  of  decomposition- 
(o,  i(of  a  nature  somewhat  different,  with  regard 
ptbcprMtKit,  from  thai  of  vegetable  matter;  and,  in  par- 
iilaif  Aej  arc  distinguished,  by  being  liable  to  that  spr. 
l»«f»fom»neous decomposition  which  coii5titutespu:rf- 
A  0 


n 


4  SYSTEM  OF  CHEMISTlir. 

faction :  the  others  decay,  but  their  decomposition  is  not 
roarkett  by  the  eyolution  of  those  products  which  disttn« 
gtiish  that  of  animal  matter,  and  which  characterize  this 
process.  Their  analysis  by  heat,  too,  affords  different  pro<r 
duets.  These  differences  arise  principally  from  certain 
fubstatKes  entering  into  the  composition  of  animal  sub- 
ttancts,  which  are  either  not  contained  in  vegetables,  or,% 
if  present,  are  always  in* inconsiderable  proportion. 

Though  the  compounds  which  belong  to  the  vegetable 
and  animal  kingdoms  can  seldom  be  formed  by  artificial 
arrangements,  it  is  not  to  be  concluded,  as  has  been  donej 
that  this  arises  from  peculiar  unknown  forces,  from  the 
exertion  of  which  th«r  natural  formation  has  been  accom- 
plished. They  are  chemical  compoundsj  the  result  of 
chemical  affinities,  which  have  been  exerted  merely  under 
peculiar  circumstances.  We  can  even  by  artificial  pit)-  • 
cesses  form  compounds  perfectly  similar  to  some  products 
of  vegetation  \  and,  although  the  actions  by  which  the 
greater  number  of  these  products  are  formed  can  b&  on!y 
imperfectly  imitated  in  our  processes,  we  can  still  so  far 
trace  them,  as  to  discover  their  theory,  and  the  nature  of 
the  modifications  to  which  they  are  sjnbected.  Hence  the 
natural  formation  of  these  substances  is  strictly  a  subject 
of  chemical  investigation  \  and  vegetable  and  animal  phy- 
siology, so  far  as  it  is  connected  with  this,  is  a  department 
of  chemical  science, — one  which  is  at  present  the  most 
defective  and  obscure,  but  in  which  the  progress  is  per- 
haps the  least  limited,  which  mtiy  reach  tlie  highest  per- 
fection, and  present  the  most  important  results. 
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OF  VEGETABLE  COMPOUNDS* 


1  HE  VegetaUe  C^mponnda  being  less  complicated  Tn 
tkdr  composition  than  those  which  are  formed  ih  the  A* 
nimal  Sj^stemj  and  affording  likewise,  in  general,  the  ma* 
terials  from  which  the  latter  are  produced,  are  first  to  b^ 
considered. 

Their  chemical  history  may  be  comprised  under  three 
divisions.  Under  the  first,  may  be  stated  the  facts  con- 
nected with  their  natural  formation,  or  the  principles  of 
vegetable  physiology,  so  far  as  tliis  is  dependent  on  che- 
mistry. Under  the  second,  may  be  considered  in  detail 
the  chemical  properties  and  relations  of  the  several  vege- 
table products.  And  to  the  third,  will  belong  the  consi- 
<l(ration  of  their  general  analysis,  and  the  chemical  changes 
^ey  suffer,  either  spontaneously,  or  when  placed  under 
peculiar  circumstances. 
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CFL\P.    I. 

Oy  THE  FOBMATIOX  «>F  VEGETABLE  SLslSTAJi- 
C£S,  OK  THE  CHEMICAI.  THTSIOLm.r  OF  Vi:* 
GETABLES. 

J.N  entering  on  this  interesticg  subject,  it  is  Dccesszry  to 
gtre  a  coadse  view  of  ihe  stmctnrr  and  functions  of 
pfaots,  at  least  in  so  far  as  time  iire'iefand  to  the  dirau* 
cal  pffocesscs  earned  on  in  tne  fcgetjble  syneiiij  iiy.idhin 
the  nvmeroos  prodocts  of  wegctatioo  are  feimed. 

» 

The  structure  of  plants  is,  in  many  respects,  analogous 
to  that  of  animals.  Compared,  indeed,  with  that  of  the 
higher  orders  of  these,  it  is  mucE  more  simple :  no  organs 
are  found  corresponding  to  the  brain  and  nerres,  the  heart, 
the  digestive  system,  or  the  muscles;  but  eren  in  the  low* 
er  tribes  of  animals,  all  these  organs  are  not  uniformly 
present ;  and  in  the  general  frame  of  vegetables,  we  disco- 
ver that  arrangement  which  is  in  strict  propriety  naoied  or- 
ganized. There  are  solid  parts  through  which  vessels  CQn« 
veying  fluids  are  distributed,  and  organs  in  which  functions , 
similar  to  those  of  animals  are  performed. 

The  organized  structure  of  vegetables  is,  of  course,  best 
discovered  in  the  larger  and  more  perfect  plants.  These 
consist  of  a  stem  or  trunk,  which,  at  its  insertion  into  the 
earth,  divides  generally  into  a  greater  or  smaller  number 
qf  branches,  which  form  the  root,  and  at  its  upper  extre* 
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^PPRmtnatcs  likewise  in  a  number  of  branches,  to  which 
itieb^ves  and  [tans  of  fiucufication  are  attachei). 

Oil  rnnking  a  iransTerse  section  of  any  of  these  solid 
furu,  a  ditfrtence  of  structure  Is  observed.  la  the  ceiitri:) 
we  find  a  soft  substance  which  is  named  the  Pitb  ;  ex- 
icmjl  fo  tJiis  is  ihe  Wood,  more  hard  and  compact ;  and 
uiti  the  wtiolc  is  an  outer  rough  covering,  the  Baik. 

The  Bark  has  been  consldereil  as  cojnposed  of  three 
pmi,— the  epidermis,  or  external  rough  covering,  consist- 
ing of  numerous  layers;  the  cellular  tissue  ben  eatli,  com- 
poied  of  fibres  inteiiaecd  so  as  to  leave  interstices,  which 
i^ir  to  be  filled  with  a  softer  matter  of  a  green  colour ; 
uddie  cortical  layers  next  to  the  wood,  and  approaching 
Vit  in  ttiacturp.  Through  these  parts  run  minute  vessels, 
■^  appear  to  perform  ihe  functions  of  absorption  and 
■not^rationi  and  perhaps  of  asjimilalion  and  secretion. 
^Wooil  is  denser  than  the  baik.  It  is  Ebrous  in  iii 
"Wiie,  and  it  is  composed  of  layers  or  zones.  During  the 
jniwili  of  the  pbnt,  a  new  zone  is  formed  annually ;  and 
>».  in  different  seasons,  the  vegetation  is  more  or  less  vi- 
ptotK,  these  zones  v^ry  in  density  and  size.  Through 
^K  an  liistributed  a  number  of  vessels,  both  straight  and 
(pital,  running  in  a  perpendicular  direction,  and  others 
•hitli  nic  horizontally  from  the  bark.  The  part  of  the 
*Boil  tteii  to  the  bark  is  softer  than  the  central  part,  ami 
nUbeni  distinguished  by  the  name  of  Alburnum;  and 
"im  is  1  kind  of  grjdation  from  the  wood  through  this 
•^As  iutetnal  Kirk.  The  Pith,  or  HedulU,  placed  in  the 
(""tc,  is  similar  in  texture  to  the  wood,  only  softer,  and 
""■n  cellular.  It  is  alwap  most  abundant  and  most  suc- 
cnltiit  in  ^ung  plants,  and  is  diminished  and  nearly  obli- 
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tcrated  by  age.  It  appears  to  be  of  little  importaoGe  in 
contributing  to  the  growth  of  the  yegetable.  Mr  Knight 
made  a  section  through  the  bark  and  wood  into  the  shoot 
of  a  vine,  so  as  to  extract  as  much  as  possible  of  the  me- 
dulla y  but  it  continued  to  grow  as  well  at  other  shoots,  the 
medulla  of  which  had  remained  uninjured  *.  He  conjec- 
<  tures,  that  its  ofEce  is  principally  to  form  a  reservoir  of 
moisture  to  the  |^lant. 

In  herbaceous  plants,  these  different  parts  are  not  dis- 
tinct i  the  wood  is  wanting,  and  the  stem  is  composed  of 
a  kind  of  cellular  membrane,  covered  with  an  epidermis 
more  or  less  thin,  and  inclosing  the  Pith. 

Attached  to  the  stem  or  branches  of  plants,  are  the 
Leaves.  Their  structure  sec'ms  similar  to  that  of  the  cel- 
lular tissue  of  the  bark,  or  is  fibrous  and  interlaced,  co- 
vered  on  each  surface  with  a  very  fine  membrane,  and 
having  numerous  vessels  distributed  through  the  substance 
of  the  leafy  and  inosculating  freely  with  each  other.  Nu- 
merous small  points,  connected  with  these,  are  scattered 
over  the  surface  i  which  have  been  regarded  by  Hedwig  as 
apertures  by ^ which  absorption  and  transpiration  are  per- 
formed ;  by  Saussure,  as  glands  which  secrete  or  prepare 
the  proper  juices  of  the  plant.  The  superior  surface  of  the 
kaf  differs,  in  general,  perceptibly  from  the  inferior  surface. 
The  former  is  more  smooth  and  shining ;  the  latter  has 
more  asperities ;  its  colour  is  paler,  and  with  less  lustre  *» 
the  last  differences  probably  arising  from  a  less  free  ex* 
posure  to  light.  These  surfaces  perform  diflcrent  func- 
tions.    By  the  under  surface,  or  that  next  tlie  earthy  ab- 


*  Philosophical  Tranjactioui,  1801,  p.  33l5. 
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ion  principally  >s  performed,  as  Bonnet  estabiuhed 
by  nomcTOUS  cxperimenrs  "  ■,  water,  or  watery  vapour,  be- 
iagtakra  in,  when  in  contact  with  it,  ;o  as  to  prevent  the 
leal  from  dec-tying  immediately,  even  when  detached  from 
ilw  plant  [  and  watery  vapour  from  the  atmosphere,  or 
dew,  being  probably  absorbed  in  the  n»iutal  siluaiion.  By 
the  ume  surface,  transpiration  ippc;  t9  also  to  be  perfotm- 
cd,  u  the  experiments  of  the  same  author  have  proved. 
This  bai  been  cotifirmed  by  Mr  Knight.  lie  applied  a 
plate  of  glau  to  the  under  tiurface  of  a  large  vine  leaf,  in 
ootmeclion  with  the  plant ;  and  at  the  end  of  half  an  hoar, 
to  much  water  had  exhaled,  that  it  ran  off  the  gUss  when 
beld  oblitiueiy  :  but  on  placing  it  in  contact  with  the  up- 
per surface  of  the  leaf,  not  the  slightest  portion  of  mobturo 
appeared  f.  lliis  surface  appears  principally  destined  to 
etpoae  the  fluid  circulating  through  the  leaf  to  the  chemical 
agency  of  light,  and  probably  to  emit  the  aerial  matter 
■riling  from  the  decomposition  of  the  circulating  sap.  In- 
genhoai  has  accordingly  stated  experiments,  in  which  he 
faotul,  that  the  leaves  furnish  an  air  containing  more  oxy- 
gen, when  tbeii  upper,  than  when  their  under  suiface  is 
cxpOMd  10  the  direct  action  of  light  f .  So  well  adapted  are 
ibcM  surfaces  to  the  performance  of  their  respective  func- 
lioaa,  ihai  when  iheir  position  is  reversed,  the  pl^nt  makes 
mrycSbri  to  regain  that  which  isnatural  to  them,  or  rather 
whidi  H  be«  adapted  to  the  fuiiclions  ihey  have  to  perform, 
nBonneibasabundantly  shown.  The  leavi-s of  iome  plants 
B  CdUoW,  in  some  measure,  the  course  of  the  sun,  pre- 
ing  ahrayi  their  upper  surface  to  the  diiect  ray^  of  hgh;. 


•  Rcchetchci  iiir  rUssgc  de»  FeuilleR. 

i  PhiloM>phicat  TfBiitactiociF,  1803,  p.  37$- 

X  EipcrifncH  lur  \tt  Vrgrtnux.  lorn.  iL  p.  l!)!t. 
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The  leaves  are  the  proper  respiratory  organs  of  plants. 
It  is  sufRciently  demonstrated  by  experiment,  that,  by  their 
medium,  plants  change  the  state  of  the  surrounding  atmos- 
phere, or  perform  respiration  ;  and  that  reciprocal  changes 
are  effected  in  the  fluids  which  circulate  through 'the  vts- 
sels  of  the  leaf ;  that  these  fluids  are  thus  prepared  for  the 
formation  of  vegetable  matter,  and  are  returned  by  a  pecu- 
liar set  of  vessels  to  the  body  of  the  plant.  The  importance 
of  the  functions  the  leaves  perform,  is  sufficiently  demon- 
strated by  the  fact,  that  when  they  are  destroyed  the  plant 
toon  decays  and  dies. 

.  There  b  much  difficulty  in  tracing  accurately  the  ves- 
sels of  plants,  and  particularly  in  observing  their  connec- 
tions and  terminations,  and  the  course  of  the  fluids  they 
convey*  Hence  the  different  opinions  that  have  been  ad- 
vanced with  regard  to  them,  and  the  degree  of  uncertainty 
in  which  the  subject  is  still  involved.  Naturalists  have 
generally  agreed  in  distinguishing  three  kinds  ; — the  com- 
mon vessels,  or  tho$e  which  convey  the  common  juice  or 
sap;  the  spiral  vessels,  which  principally  accompany  these  ; 
and  the  proper  vessels,  or  those  which  convey  the  peculiar 
juices  of  the  plant  after  they  are  formed.  It  is  an  interest- 
ing object  of  inquiry,  to  discover  the  course  uf  these  dif- 
ferent kinds  of  vessels,  their  relations  and  connections,  and 
the  offices  they  perform. 

The  first  of  these,  the  common  vessels,  occur  chiefly 
beneath  the  cellular  tissue  of  the  root,  stem,  and  branches, 
or  in  the  alburnum,  and  rise  longitudinally  from  the  root  to 
the  leaves  and  flowers :  they  are  frequently  of  considerable 
size,  and  are-easily  discovered  by  immersing  the  root  of  a 
growing  plant  in  a  coloured  vegetable  infusion  :  it  is  soon 
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a  ascend  m  them,  ami  may  be  trace'!  to  the  leaf, 
md  r»en  into  the  vessels  which  enter  the  leaf  at  t!ie  fooi- 
Kilfc,  and  are  distributed  through  it.  They  appear  to  ab- 
totb  fluids  from  the  soil ;  and  there  exist  simiLr  ab^rbetit 
TesMil»  which  run  from  the  epidermis  tn  an  oblique  or  ho- 
rizontal dirKcion. 

The  proper  vessels  are  situated  principally  in  the  cellu- 
lir  lisiue  and  internal  bark :  they  appear  always  to  descend 
IitMn  the  upper  pans  of  the  vegetable  towardi  the  ront, 
xnd  to  convey  a  fluid  downward.  Tbis  is  proved  by  the 
fxis,  that  a  coloured  liquid  does  not  ascend  in  them,  as 
tn  the  oofnmoo  vessels,  when  the  root  of  a  growing  plant 
u  tmnersed  in  it,  and  that,  when  the  mem  or  a  large  branch 
ef  a  plant  is  cut  across,  the  proper  juice  always  issues  from 
the  Dpper  margin  of  the  incision,  and  the  production  cf 
nev  muter  to  fill  up  the  incision  takes  place  principally 
frocn  this  margin.  As  the  common  vessels  can  thus  be 
tnced  apvards  from  the  root  to  the  leaves,  and  the  pfoper 
«curl«  descend  in  the  opposite  direction,  it  seems  necessa- 
liiytofoltow,  that  the  connection  between  them,  or  the  re- 
htioD  of  the  one  to  the  other,  is  established  in  the  leaf  ; 
aod  accordingly  this  has  of  late  been  investigated  with  con- 
MJerablt;  success. 

la  the  leaf  of  every  plant,  we  perceive  an  abundant  dis- 
iribvlton  of  vessels.  AJarge  vessel  or  bundle  of  vessel} 
raien  from  the  slalk,  which  runs  through  the  centre  of  the 
Jof  to  iit  apex,  extending  lo  very  minutv  r.imiBcailona, 
jrMch  >ppear  to  communicate  freely  with  each  other. 
Ir  Darwin  conjectured,  that  this  central  vessel,  or  bun* 
Jt,  is  formed  by  the  union  of  smaller  sap  vetselt, 
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ously  as  usual  above  the  incision.  Hence  he  was  led  t<F 
conclude,  that  the  sap  rising  from  the  root  through  the 
voody  is  prepared  in  the  leaves  for  assimilation,  and  re- 
turns by  vessels  descending  through  the  bark,  to  be  sub- 
servient to  the  nutrition  of  the  plant.  In  conformity  to 
this  he  found,  that  if  the  stem  below  the  incision  produced 
a  new  shoot,  as  sometimes  happened,  then  the  parts  be- 
neath connected  with  this  shoot  began  to  grow.  Or  if  he 
made  incisions  in  difllerent  parts  around  the  stem,  allow- 
ing a  leaf  to  remain  in  connection  with  each  part  between 
two  of  the  incisions,  the  insulated  leaf  acted  like  the  shoot, 
and  th^  part  between  it  and  the  incision  beneath  grew ; 
while,  if  similar  incisions  were  made  without  any  leaf  be- 
ing allowed  to  remain,  no  growth  nor  increase  in  the  size 
of  the  wo6d  was  discoverable.  On  the  other  hand,  by 
making  a  complete  circular  incision  in  the  bark,  and  by  a 
perforation  extracting  the  pith  in  the  centre  of  a  branch, 
thus  leaving  a  conmiunication  between  the  leaves  and 
roots  by  the  wood,  the  leaves  still  continued  to  flourish, 
—a  proof,  that  the  vessels  conveying  sap  to  the  leaves, 
ascend  through  the  wood  .*• 


*  Pbilofophical  Transactions,  1801,  p.  3S4«  338.  From 
tome  experiments  made  by  Du  Hamel  and  Hales,  it  appears, 
^hit  even  when  circular  incisions  are  made  round  the  stem  of 
a  tree,  through  the  bark,  at  a  small  distance  from  each  other, 
and  the  bark  between  them  is  entirely  taken  away,  the  portion 
of  the  Item  below  the  inciftion  continued  to  live,  and  etcn  to 
grow,  though  more  slowly.  From  tliis  Mr  Knight  has  lincc 
inferred,  (Philosophical  Transaction  ft,  1806,)  that  the  sap  ves- 
sels in  the  alburnum  are  ftusceptible  of  an  inverted  motion, 
which  is  exerted  when  necessary,  and  from  which  tie  iuiic 
^rt-parod  in  t!;c  leave*  may  be  conveyed  to  llic  ptrtf  liencaih. 
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tating  Formed  chis  new,  he  endeavoured  to  trace  the 
e  of  the  33p  into  the  leaf,  and  its  return  to  the  other 
fnti  of  the  plant.  The  sap  vessel*  arc  easily  traced  from 
the  roots  ifaroLigh  the  alburnum,  lo  the  young  sialks  or 
ihoou;  ihc  object  therefore  was,  to  tr.ice  them  farther.  ' 
lining  mide  circular  incisions  as  above,  in  the  bark  of 
fatae  jniiiul  shoots  of  ihe  apple  and  of  the  horse  che?nut, ' 
b«  placed  the  st^tlk  of  the  shoot  beneath  these  incisions, 
in  a  deeplj-  tinned  vegetable  infusion,  for  a  few  hours :  he 
Old  that  the  cofoured  liquid  passed  up  the  pores  of  the 
1  beyond  the  incisions,  and  into  tb.-  insulated  leaves  ; 
|tii  neither  coloured  the  bark  nor  the  sap  between  it 
I  the  wood }  proving,  that  the  fltiid  rises  from  the  com- 
kbcemeiif  of  the  brandi,  through  the  wood,  towards  the 
nvca;  while  it  appears  to  return  by  vessels  situated  in 
the  inner  bark,  which  have  no  immediate  communication 
b  the  vcB^eli  of  the  wood. 
r  Knighii  ao  examining  the  leaves  in  the  shoots  sub- 
I  to  this  experiment,  found  in  the  apple,  that  the 
nf  is  attached  to  the  wood  by  three  strong  fibres  or 
tubes,  or  rather  bundles  of  tubes ;  one  entering  the  mi^ 
die  of  the  leaf,  the  others  being  on  each  aide  of  it.  In  the 
horse  cbetnui,  there  arc  eeven  or  eight  bundles  of  a  sitnl^  V 
lar  ittnd  of  tubes  in  each  leaf.  Through  these  the  infusion 
bad  pasted,  and  communicated  its  colour  through  almost  i 
the  whale  nf  each  leaf-stalk.  These  tubes  Mr  Knight  cou- 
(iders  as  bemg  different  from  the  common  or  s^  vessels 
in  the  alhurnum:  they  commence  a  few  inches  below 
t^if  itiS  to  which  they  belong,  and  become  more  nume- 
)  as  they  approach  to  it.    To  distinguish  them,  Mi 
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Knight  has  given  them  the  name  of  Central  vessels :  thev 
extend  to  the  extremities  of  the  leaf,  where  they  appear 
to- terminate)  and  are  every  where  surrounded  with  the 
spiral  vessels,  which  appear  to  be  appendages  to  them. 

Lying  parallel  with  these  vessels  and  surrounding 
tliem,  are  another  set  of  vessels  which  were  colourless, 
and  appeared  to  be  conveying  a  .diflferent  fluid.  They 
seem  to  return  the  sap  to  the  tree  ;  for  when  a  leaf  was 
cut  oflF  which  bad  imbibed  a  coloured  infusion,  the  native 
juices  of  the  plant  flowed  from  these  vessels  apparently 
unaltered,  as  Dr  Darwin  had  formerly  observed.  They 
descend  through  the  inner  bark,  and  appear  to  extend 
from  the  extremities  of  the  leaves  to  the  roots. 

In  conformity  to  these  facts,  Mr  Knight  gives  the  fol- 
lowing view  of  the  circulation  of  the  fluids  in  plants,  or 
of  the  progress  of  the  common  sap,  and  its  return  to  the 
diiFerent  parts,  to  supply  matter  for  nutrition  and  the  for* 
mation  of  new  products,  the  same  indeed  as  had  been  be- 
fore given  by  Darwin. 

The  sap  is*  absorbed  by  the  common  vessels  originating 
from  the  extremities  of  the  roots  of  the  vegetable,  and 
rises  through  the  alburnum  of.  the  root,  stem,  and  bran- 
ches, propelled  by  the  contractile  power  of  the  fibres  which 
diverge  from  the  pith  to  the  bark,  and  press  on  these 
vessels  *;  in  the  branches  it  passes  into  what  are  named  the 


*  Mr  Knight,  finding  that  the  sap  passes  up  when  all  the 
tubei  Id  the  alburnam  are  inte rsocted,  has  more  lately  concluded ^ 
(  PiiikMophical  Tnin«ict!on«,  1808),  that  it  rises  through  the 
L\*Uu1ar  substance  of  the  alSunium,  from  thf  altMnatc  contruc- 
liiH  311'!  .^KpUTi  :;.t:   if  t!  in  Mili5ti*rcc. 
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[fDtni  nssels,  and  through  them  into  the  lenf-stalk,  and 
uliimaiely  into  the  leaf.  There  it  is  exposedt  in  the  ile- 
Ii»ie  rjmifications  of  these  vesscU,  to  the  aciian  of  the 
aiiiud  hght,  and  is  converted,  in  part  at  least,  into  the 
prupcr  juice  of  the  plant :  ihis  is  conveyed  by  the  proper 
veueU  which  h^ve  their  origin  iu  the  leaf,  which  unite 
ind  descend  ihtough  t)ie  internal  bark-  In  its  progress 
dungh  these  TCiseis,  it  ptobahly  undergoes  further  chw 
pt,  and  is  uIiimiK-ly  conreried  into  the  solid  matter  of 
■I*  phot,  and  hito  the  products  wluch  it  affurds  *. 

The  use  of  (he  spiral  ressels,  either  in  this  circulation 
a  In  auy  of  the  functions  of  the  referable,  does  not  ap- 
ptir  teiy  obrious.  They  are  found  around  the  pitli,  in 
ihc  ilcodrr  branches,  the  leaf-stall^  and  the  peiaU  of  the 
flowers,  'ITiey  are  always  empty,  and  hence  some  have 
ni[)posed  them  to  convey  air :  others  have  supposed  ihem 
u>  be  abiorbent  vrtsrU,  and  have  accounted  for  their  bein|{ 
gnteratly  found  enrpty,  from  their  contractile  power,  in 
roosequeoce  of  which  they  immediately  discharge  the  fluid 
iheyeoneuD  when  cut.  As  they  are  found  principally 
conoected  with  ihir  central  vessels  in  the  young  shootR, 
iod  as  in  any  Olhei  part  of  the  plant  they  appear  h;irdened 
asd  nearly  obliterated,  Mr  Knight  considers  them  as  ap- 
pcndagts  to  these  central  vessels,  and,  by  some  mechanism, 
faealitaiittg  the  propulsion  of  the  sap  into  the  leaf,  and 
as  diiiribuiioft  over  it ;  the  action  cif  the  fibres  of  the  aU 
bsmuni,-by  which  the  sap  bad  been  propelled  through  the 


'  PWbwphical  Trtasaciiooi,   1801,  p.  S.'il.  ;    IB(I3,   p 
.  1805,  p.  100. 
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stemj  ceasing,  as  he  supposes,  where  that  of  the  spiral  ves- 
sels commences. 

In  this  general  structure  of  vegetables,  there  exists  a 
striking  analogy  to  the  frame  of  animals  \  and  from  this 
analogy,  as  well  as  from  the  functions  th^  perform,  it 
has  justly  been  inferred,  that  they  are  endowed  with  si- 
milar vital  powers.  At  one  period  indeed,  it  was  attempt- 
ed to  account  for  the  motions  of  vegetables  from  their 
peculiar  mechanism,  independent  of  any  living  force.  The 
ascent  of  the  sap  was  ascribed  to  capillary  attraction  in  the 
sap  vessels ;  and  the  movements  of  different  parts  of  the  ve- 
getable were  supposed  to  depend  on'^the  elasticity  of  their 
fibres.  But  such  causes  are  altogether  inadequate.  Capil- 
lary attraction  is  insuilicient  to  account  for  tlie  motion  of 
the  sap^  the  velocity  with  which  it  ascends ;  the  great 
height  to  which  it  reaches*,  for  its  variable  motion;  or  for 
its  propulsion  and  discharge  when  the  vessels  are  cut.  Still 
less  can  it  be  assigned  as  the  cause  of  the  retrograde 
course  and  descent  of  the  fluid  in  the  proper  vessels.  Nor 
can  any  supposed  elasticity  of  the  fibres  of  plants  account 
for  the  spontaneous  movements  of  their  leaves  and  flowers, 
or  of  those  motions  which  tliey  perform  when  excited  by 
external  impressions.  The  similarity  of  these  actions  and 
motions  in  the  vegetable  system,  to  those  performed  in 
the  animal  system,  for  the  attainment  of  similar  ends,  suf- 
ficiently warrants  the  conclusion,  that  they  originate  in  a 
similar  cause,  or  arise  from  that  peculiar  property,  irri- 
tability, or  the  susceptibility  of  contraction  from  the  ap- 
plication of  external  agents,  which  characterizes  living  ani- 
mal matter. 

From  the  structure  of  vegetables,  and  in  particular  tlie 
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|mter  rigidity  of  their  pans,  t]ie  Immediate  operation  of 
ihij  principle  ia  not  indeed  so  unequivocally  perceived. 
But  the  functions  of  the  vegetable  kingdom  ; — the  ab- 
sorption of  external  matter ;  the  propulsion  of  riie  sap  ; 
the  tecredons  whence«^w  products  are  formed  ;  the  mo- 
tions of  their  leaves  -,  their  susceptibility  to  the  impression 
of  external  agents,  light,  heat,  moisture,  and  electricity ; 
nr  growth ;  and  the  formation  and  evolution  of  the  em- 
plam  with  similar  powers,  are  phenomena  inexpli- 
on  any  principles  of  mechanism,  and  so  strikingly 
analogous  to  the  phenomena  which  occur  in  ihe  animal  sys- 
tem, that  they  must  be  referred  to  a  similar  principle. 

The  vital  power  of  vegetables,  observes,  even  in  its  re- 
Itfions  to  external  agents,  nearly  the  same  laws  as  animal 
irttnbiHty.  The  functions  dependent  on  it,  require  to  be 
netted  by  th«  application  of  external  agents  t  hence  the 
oece&utjr  of  the  due  application  of  beat,  light,  air,  and 
DMutiue  :  if  these  are  withdrawn,  the  functions  languish, 
ud  the  iniubiliiy  of  the  plant  accumulates  -,  if  they  are 
appltrtl  in  excess,  this  power  is  impaired  ;  and,  lastly,  if 
by  3  previous  abstraction  of  the  usual  stimuli,  the  irrita- 
bility has  been  accumulated,  more  vigorous  action  will  en- 
Me  on  their  re-application,  or,  if  too  suddenly  and  forcibly 
applied,  a  loul  exhaustion  of  power  will  take  place.  The 
cffiKtS  of  HhI,  of  rooiaiDre,  of  heat,  light,  and  electricity 
on  pUois  i  (heir  sleep,  germination,  efflorescence,  fruclifi- 
and  decay,  aiTord  many  beautiful  illustrations  of  the 
in  of  (hi*  principle,  in  conformity  to  thcie  laws, 
that  some  ditferences  are  to  be  ob3er\-ed  in  the 
fity  of  the  two  systems.  They  are  dilTerently  acted 
so  by  *om«  agents,  and  tliere  does  not  exist  in  the  vege- 
B2 
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tflbw  tjrUfnif  at  Icstt  to  io  gccit  a  degree  as  in  die  miinal 
i]ril00l»  that  gOMfil  itbtioa,  bjr  which^  vliea  cne  paift  is 
peculiarly  affected^  diiCant  paits  pafticipaie  in  die  aflfectian. 
But  dUferettCce  of  due  kiad  ate  comparatiirly  trivial :  they 
ariiefrom  a  mote  ttanple  stnsctiire>  and  they  aieaor  great- 
er dnn  what  are  even  to  be  obaerved  in  the  difierent  orders 
oi  amviaii* 

Tbt  preceding  obsenrationa  on  the  stmcttire  atid  mov- 
ing pavers  of  vegetable^  and  on  the  ctrcnlatioa  of  their 
f  itidSf  ptepare  ns  for  the  considevation  of  the  functions  on 
whidi  their  growth  is  depend^it^  and  by  which,  from  new 
comUaatieoay  their  various  products  are  formed. 

Absorption  takes  pfaK:e  in  vegetables  to  a  very-  constder- 
aUo  extent.  A  large  quantity  of  water,  with  portions  of 
other  natter^  is  taken  up  by  their  roots  from  the  soil,  and 
aa  mdispeiiaable  to  their  growth.  This  absorption  is  not 
Indiscriminatei  otherwise  plants  should  contain  allihe  prin- 
ciples of  the  soil  in  which  they  grow.  Neither  is  it  pure 
water  only  tliat  is  absorbed,  but  watet  holding  in  solution 
or  in  sttspensiuji  such  substances  as  may  contribute  to  the 
nourishmeot  of  the  plant,  ll^e  absorption  of  this  fluid,  is 
the  source  of  the  sap  or  common  juice,  which  rises  through 
the  vessels  m  the  alburnum,  is  gradually  changed  in  its 
progress  through  the  plant,  and  which  is  found  in  diflPer- 
ent  states  at  different  periods.  In  winter  it  is  in  small 
<|ttaatity  ;  in  spring  aud  summer  it  is  more  abundant ;  in 
autumn  it  becomes  thicker  ;iml  less  copious  \ — changes 
which  may  arise  partly  from  the  action  of  the  sap  vessels, 
partly  from  intermixture  of  the  proper  juices,  or  from  the 
solution  of  part  of  the  solid  matter  through  which  it  is 
conveyed.     l>r  i>Ani*ln  observctl,  that  the  tpulities  of  the 


OF  VEGETABLES. 


Si 


tT«es 


tain  periods  of  Tcg*tBtion,  appear  in  particular 

am  the  maner  wbkh  it  dissolves  in  its  ascent. 

id,  thatwh*n  V€g<?tation  is  vigorous,  as  it  is  in 
ihf  cowrie  of  ilie  summer  and  commencement  of  autumn, 
a  quantiiy  of  itutTirions  matter  is  formed  prindpaUy  by 
the  leares,  and  is  deposited  as  a  roservoir  of  nutriment  in 
the  ^dbatmim  i  that  on  the  f<;»ival  of  vegetation  in  the 
9pr!nf ,  this  is  dtssolved  by  ihc  fluid  which  is  then  absorb- 
ed from  the  soil,  communicates  to  it  peculiar  cgualtties, 
ind  Ntrre*  far  the  (brmittoii  of  new  buds  and  leaves.  lii 
herbacetms  plants,  chis  deposition,  he  observes,  tjkes  place 
in  their  roots  during  the  kutvmn  for  the  same  purpose ; 
md  in  »omc  phnii  it  is  formed  in  the  joints  of  the  stem. 
Hence,  as  he  remarlis,  the  leaves  of  the  lower  branches  of 

iKualiy  Jirsi  expanded  *. 
Mr  Kniglit  han  siat^  precisely  the  same  view,— >that 
of  the  proper  juice  generated  in  the  plant  when  tc- 
getaiton  is  most  vigorous,  that  is,  tn  ilie  course  of  the  sum- 
mer and  the  cottimenci-ment  of  awtumn,  is  deposited  in 
thctoltd  msttevof  the  alburnum,  and  remains  in  it  through 
the  winter.  In  the  spring,  when  the  powers  of  vegeta- 
ttoB  arc  renewed,  this  deposite  is  supposed  to  be  dissolved 
by  ihe  a8C«f>ding  s»p,  and  thus  matter  is  furnished  already 
aMiraitsted  lo  the  vegrtabb,  and  adapted  to  the  formation 
of  the  new  buds  and  shoots.  In  conformity  to  this  opinion, 
and  whit  may  be  regarded  in  some  measure  as  proofs  of 
%t,  Mr  Knight  foijnd,  that  the  sap  in  spring  has  a  greater 
iSc  gratirr,  and  po^awies  qualities  which  indicate  a. 
tity  of  some  peCvlLaf  matter  to  hv  dissolved  in  it,  in  h 
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higher  degree,  as  it  is  taken  at  a  greater  height  from  the 
root  y  and  that  the  wood  of  the  stem  or  large  branches, 
cut  down  in  winter,  has  a-  greater  specific  gravity,  and 
contains  more  extractive  matter  soluble  in  water,  than  the 
wood  of  the  same  species  of  tree  cut  down  about  the 
.  commencement  of  summer  *• 

It  appears  also,  th^t  in  other  periods  of  vegetation,  the 
sap  b  mingled  with  some  of  the  proper  juices,  as  it  is 
sometimes  possessed  of  qualities  which  it  could  not  have 
derived  from  the  soil,  or  from  any  of  the  solid  parts  of  the 
plant.  It  is  thus  sometimes  highly  saccharine,  though  the 
wood  itself  is  possessed  of  no  sweetness  ;  at  other  times 
acid.  According  to  Mr  Knight's  observations,  the  sap, 
whether  extracted  from  the  tree  nigh  to  the  ground,  or  at 
a  distance  from  it,  always  contains  a  large  portion  of  air. 

The  sap  of  different  vegetables  has  been  examined  by 
Vauquelin.  The  sap  of  the  common  elm,  (Ulmus  cam- 
pestris),  he  found  to  contain  a  large  portion  of  vegetable 
matter,  acetate  of  potassa,  carbonate  of  lime,  with  slight 
traces  of  sulphate  and  muriate  of  potassa,  the  vegetable 
matter  being  in  larger  proportion,  as  it  was  taken  from  the 
plant  late  in  the  season.  The  sap  of  the  beech,  (Fagus 
sylvestris),  besides  vegetable  extractive  matter,  contained 
tannin,  gallic  acid,  and  free  acetic  acid,  without  any  car- 
bonate of  lime,  but  with  a  portion  of  acetate  of  lime. 
The  sap  of  the  birch  with  extractive,  contained  also  sac- 
charine matter,  acetic  acid,  acetate  of  lime,  and  nitrate  of 
potassa.     In  all  these  saps,  part  of  the  proper  juices  had 

no  doubt  been  mixed  with  the  liquid  absorbed  from  the 

o 
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soil|  or  part  of  the  solid  vegetable  matter  itself  had  been 
<iissoi?ed  in  its  progress  through  the  plant  *.  Chaptal 
has  also  examined  thi?  sap  of  various  Vegetables,  obtained 
by  exudation  from  incisions,  and  probably  in  a  state  of 
mixture  with  the  proper  juices.  In  all  of  them  a  quan- 
tity of  vegetable  extractive  matter  was  contained,  having 
principally  the  characters  of  the  matter  which  constitutes 
the  ligneous  Sbre^  which  was  slowly  precipitated  on  stand- 
ing eid)er  with  or  without  the  admission  of  the  air,  and 
vhich  was  also  precipitated  by  dcids,  alkalis,  and  other 
rc-jigentsf. 

Not  only,  is  absorption  performed  by  the  vessels  in  tlie 

roots  of  plants ;  it  takes  place  also  at  the  surface  of  the  bark 

andleares.  Absorbent  vessels  can  be  discovered  by  the  eye, 

ninnbg  frcMn  the  bark  in  a  horizontal  direction,  and  the 

performance  of  absorption  by  them  is  demonstrated,  by 

the  Increase  of  weight  which  a  branch  taken  from  a  tree 

gains  by  exposure  to  dew,  or  to  a  humid  atmosphere. 

The  absorbents  from  the  leaves  seem  to  rise  principally 

from  the  inferior  surface  of  the  leaf. 

Perspiration,  or  the  function  by  which  a  fluid  or  vapour 
is  constantly  exhaled,  is  that  which  counterbalances  absorp- 
tion. Numerous  experiments  Jiave  proved  the,  existence 
of  this  function  in  vegetables. .  By  merely  placing  a  grow- 
ing plant  under  a  glass  receiver,  the  internal  surface  is  soon 
obscured ;  a  fluid  is  condensed  on  it,  which  appears  to  be 
water,  with  a  slightly  odorous  impregnation.  The  quan- 
tity perspired  differs  under  various  circumstances.   It  is  in- 


^  Annalea  de  Chimie,  torn.  xxxi.  p.  20. 
f  Mcmoires  de  PInstitut.  National,  torn.  i.  p.  288* 
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created  by  a  high  temperature,  by  the  stimulus  of  lights 
and  by  a  dry  atmosphere.  In  the  experiments  of  Halesi  a 
sunflower,  three  feet  high,  was  found  to  transmit  by  trans- 
piration, in  twelfe  hours  in  the  daytime,  about  twenty  oun-> 
ces  q{  fluid.  This  function  appears  to  be  performed  by 
the  leaves,  and  principally  by  their  under  surface,  as  has 
been  already  stated.  There  also  exist,  however,  numerous 
pores  or  apertures  in  the  bark  of  the  stem  and  branches, 
through  which,  probably,  a  discharge  of  fluid  likewise  takes 
place. 

Respiration  is  another  function  which  plants  have  been 
supposed  to  perform ;  and  there  can  be  no  doubt,  but  that 
they  are  aflFected  by,  and  produc  echanges  in  the  surround- 
ing atmosphere,  and  in  aerial  fluids,  to  the  action  of  which 
they  are  exposed.  The  nature  of  these  changes,  however, 
though  the  investigation  of  it  has  been  the  subject  of  nu- 
merous and  extensive  experiments,  is  still  imperfectly 
known ;  and  the  statement  of  this  function,  so  important 
,in  what  relates  to  the  chemical  physiology  of  vegetables, 
will  require  some  details. 

At  an  early  period  of  pneumatic  chemistry,  (1771,  or 
1772),  Priestley,  from  some  facts  which  he  had  observed, 
inferred,  that  plants  growing  in  air  vitiated  by  combustion 
or  the  respiration  of  animals  restore  it  to  its  original  puri- 
ty, A  few  years  afterwards,  he  undertook  the  more  full 
investigation  of  this  subject ;  and  though,  in  the  course  of 
his  experiments,  the  results  were  variable,  and  sometimes 
discordant,  he  found,  that  in  many  of  them,  when  a  plant, 
or  the  shoot  of  a  plant,  was  introduced  and  confined  in  air 
which  had  been  vUiated  by  re.s])iration  or  the  combustion 
of  a  taper,  in  which,  of  course,  carbonic  acid  was  present, 
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while  the  oxygen  was  nearly  or  entirely  abstracted,  in  a 
few  days  the  air  had  received  an  accession  of  oxygen  g^s^ 
sou  to  Sttffer  a  diminution  of  voiome  from  the  addition  of 
nitric  oxide  gas,  which  it  previously  did  not  do  ;  and,  in 
some  cises,  the  proportion  of  oxygen  appears  to  have  b^n 
increased  to  even  more  than  the  usual  proportion  in  atm08«> 
pheric  air  *•  And,  in  other  experiments  made  at  a  later 
period,  he  found,  that  air  containing  a  large  proportion  of 
oxygen  was  evolved  from  aquatic  plants  immersed  in  wa-* 
ter,  and  exposed  to  the  solar  light  f . 

This  office,  apparently  performed  by  the  vegetable  king* 
dom,  opened  an  admirable  view  of  adjustment  in  the  eco« 
nomy  of  nature.  All  the  tribes  of  animals  consume,  in  re* 
sptration,  part  of  the  oxygeii  of  the  air  which  they  breathe, 
and  form  a  portion  of  carbonic  acid  gas,  which  they  ex* 
pire ;  and  the  necessary  effect  of  both  these  operations  is 
to  deteriorate  the  atmosphere,  or  render  it  less  fit  to  sup- 
port Kfe.  It  may  be  concluded,  therefore,  that  there  are 
causes  equally  constant  and  general  in  their  action  by  which 
these  are  counteracted,  and  the  purity  of  the  atmosphere 
P^cserred.  This  was  supposed  to  be  performed  by  the  ve* 
getable  kingdom.  The  experiments  of  Dr  Priestley  were 
^^'gardedas  proving,  that  growing  plants  give  oxygen  to  the 
atmosphere ;  and  other  experiments  seemed  likewise  to 
P^v^  that  they  absorb  and  decompose  carbonic  acid.  The 
one  tribe  of  animated  beings,  therefore,  appear  opposed  to 
the  other  in  the  changes  they  induce  on  the  air  wJiich  is 
indispensable  to  both  j  and,  by  these  reciprocal  changes, 
"  "  preserved  in  a  state  adapted  to  the  support  of  each. 


•  Experiments  on  Air,  vol.  iv.  sect.  28. 
f  Ibid.  vol.  ▼.  stct.  2. 
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I  have  stated,  however,  that  the  results  of  Dr  Priest- 
ley's experin)ents  were  not  uniform,  and,  in  many  of 
them^  the  changes  produced  by  vegetation  in  the  air  ap- 
peared to  be  precisely  the  reverse.     He  frequently  found, 
that  the  air  vitiated  by.  combustion   or  respiration,   to 
which  the  pkint  was  exposed,  was  not  ameliorated,  with- 
out being  able  always  to  discover  the  reason  why  it  was 
not :  sometimes  the  air  was  even  farther  injured  ;  and  in. 
bther  experiments  be  found)  that  common  air  was  dimi- 
nished, and   rendered  noxious  *.      In   the   experiments 
made  nearly  at  the  same  time,  too,  by  Scheele,  the  purity 
of  the  air  was  always  injured  both  by  germination  and  ve- 
getation.    Pease  were  confined  in  a  matrass,  over  water, 
in  which  they  soon  struck  out  roots  and  grew  ;  and  when 
they  had  ceased  growing,  the  air,  on  being  examined,  was 
found  to  have  remained  nearly  the  same  in  volume,  but  its 
oxygen  was  consumed,  and  a  quantity  of  carbonic  acid  gas, 
equal  to  the  oxygen  in  volume,  had  been  formed.    Scheele 
adds  to  the  account  of  this  experiment,  that  he  had  **  pre-  , 
served  fresh  roots,  fruits,  herbs,  flowers,  and  leaves,  each  se- 
parately m  a  matrass,  and  found,  after  some  days,  one-fourth 
of  the  air  changed  into  aerial  acid,"  or  carbonic  acid  gas  f. 
On  the  other  hand,  the  conclusions  of  Priestley  appear- 
ed to  receive  confirmatLion,  to  a  certain  extent  at  least, 
from  a  series  of  experiments  by  Ingenhousz.     Priestley 
himself  had  observed,  that  when  water  is  kept  for  some 
time  in  glass  vessels,  and  particularly,  when  any  vegetable 
had  been  previously  immersed  in  it,  a  quantity  of  a  green 
matter  is  generated,  which  he  considered  to  be  of  a  ve- 


•  Experiments  on  Air,  vol.  iv.  p.  299    301.  TiCl 
•f  Experiments  on  Air  and  Fire,  p.  150. 
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re*.  This  matter,  he  found,  when  exposed 
in  waitr  to  the  sohr  light,  gave  out  a  considerable  fjuan- 
lilj  of  3J)  xcriform  fluid,  nearly  pure  oxygen  ga*  ;  and  a 
liajiiar  production  of  this  gis  he  found  to  take  place  from 
iijiudc  pbmls,  exposed  under  water  to  tlie  action  of  light  f . 
Ingnhodsz  prosecuted  tliis  investigation  to  a  greater  ei- 
IMU  He  foand,  iliat  not  only  from  the  green  matter  o£ 
Fricttley,  but  likewit.e  from  the  leaves  of  vegetables^  from 
Ihtir  green  branches  or  shoots,  or  even  from  the  entire 
*!gmble,  when  placed  under  water  and  eipoGcd  to  the 
ulir  light,  oxygen  gas,  in  a  state  generally  of  considera- 
ble putity,  is  evolved  |  ■,  and,  as  the  result  of  his  nuroc- 
turn  eipcrimeats,  lie  adopted  the  conclusion,  that  oxy- 
pJi  is  elaborated  in  the  leaves  ot  other  organs  of  vege- 
ubiti,  by  a  vital  action  excited  and  sustained  by  the  solar 
light  |{,  That  the  organic  structure  of  tlic  leaf  is  necessary 
to  tkit  production  of  oxygen,  and  that  it  is  therefore  the 
mull  of  a  function  performed  by  it,  Ingenhousz  supposed 
lo  ht  proved  by  the  fscts,  that  after  a  short  time,  {about 
tVDdiysin  general),  ibe  emission  of  oxygen  ceased,  in 
coniFt|iMnce,  as  be  supposed,  of  tlie  vessels  of  the  leaf 
induaUy  losing  their  vital  powers  ;  and  that  leaves  which 
^  been  braised  gave  out  no  oxygen,  while  the  leaves  of 
ibc  lane  plant  detached  from  it,  but  without  this  destruc- 


•Olhoi,  partkularly  logcnhouiz,  ha^c  considered  this  green 
■Ul0«  a  collection  of  aninialculx. 
t  ExperimenU  on  Air,  vol.  iv.  p.  335. ;  vol.  v.  p.  16. 25. 32. 
t  Experiences  lur  les  Vcgcuux,  tom.  i.  p-  22.  25, 105.  236. 
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tion  of  their  oigaiuzation»  gave  oxygen,  the  other  circam- 
stances  being  precisely  the  same.  At  the  same  time  he 
likewise  found,  that  when  the  light  is  exdoded,  not  only 
does  the  evolution  of  oxygen  cease,  hot  the  plant,  if  placed 
either  in  atmospheric  air  or  in  oxygen  gas,  consumes  oxy- 
gen and  produces  carbonic  acid  ^  and  the  general  result  of 
all  his  experiments  ts«  as  he  announces  it,  that  vegetables 
always  deteriorate  the  atmosphere,  except  when  exposed 
directly  to  the  solar  light  *•  * 

The  experiments  of  Priestley  and  Ingenhousz,  proving 
the  evolution  of  oxygen  gas  from  vegetables,  were  always 
liable,  however,  from  the  manner  in  which  they  were  made, 
to  the  objection,  that  the  oxygen  evolved  might  be  the  pro- 
duct, not  of  the  process  of  vegetation,  but  of  the  action  of 
the  solar  light  on  the  water ;  the  vegetable  matter  affbrdiog 
merely  a  surface,  which  presented  the  water  in  a  favourable 
manner  to  the  action  of  the  light;  that  the  oxygen,  there- 
fore, might  be  derived  entirely  from  the  water,  being  either 
the  portion  which  water  always  holds  dissolved,  or  part 
even  of  the  oxygen  which  enters  into  the  composition  of 
that  fluid.  With  this  supposirion,  the  fact  ascertained  by 
Ingenhousz,  that  when  the  light  is  not  present,  vegetables 
consume  the  oxygen  of  the  ahr,  and  form  carbonic  acid,  suf- 
ficiently accords ;  for  k  appears  improbable,  that  vegetables 
should  perform  such  opposite  functions,  as  at  one  time  to 
produce  oxygen,  at  another  to  consume  it  \  ox  that  they 
should  be  so  much  dependent  on  an  external  agent,  con- 
stantly variable,  as  that,  by  its  application,  they  should 


•  Experiences  lur  Ics  V»*gcUux,  Xora.  i.  p.  61.  iMl.  ;  torn. 
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jMirm  one  functtorr,  anJ,  on  its  abfitnt^tion,  not  only 
mw  petfonnti^  tbist  boi  perform  one  precisely  the  irc- 
WM.  Il  might  tather  be  concluded,  ilint  the  function 
irtuch  th«y  do  p<rforni  when  ihe  %hi  is  excluded,  is  that 
whicii  it  natural  to  cliem  ;  and  thai  ibe  ceasing  of  this, 
wdra  they  art  imnicrsed  under  water  and  exposed  lo  the 
kIv  light,  t«  owing  to  the  exclusion  of  the  atmoepberic 
•iTi  while  ibc  evolution  of  oxygen,  which  under  these  cii- 
CMBitancci  ilso  tabes  place,  m^y  be  owing  merely  to  the 
tbffiieal  9Ctioo  of  the  light  on  the  waiet.  Other  facts  a* 
ptewiih  these  conciufions.  If  the  evolution  of  oxygen 
itfptuled  on  the  action  of  the  light  on  the  water,  it  might 
beeoadiMled,  that  it  would  vary  somewhat,  accnrding  to 
die  nature  of  the  water,  as,  for  example,  wliether  it  hHd 
■tie  ST  lew  air  in  solution  ;  white,  if  it  were  the  re;uh  of 
the  praoeM  of  vegetation,  or  of  any  function  perfoimed  by 
■bt  tegetable,  it  could  be  little  affected  by  such  a  cause. 
And  it  equally  follows,  that,  were  the  oxygen  evolved 
ftnitlif  plant,  the  evolution  oU}:hl  to  continue  as  long  as 
it  tnDiinDed  to  perform  its  functions;  while, -if  it  were 
Mied  from  the  air  dissolved  by  the  water,  the  evolution 
BWI  »on  cease.  Now,  on  these  points,  the  facts  observ- 
Hboth  tty  Ingenhousz  and  Priestley  are  at  variance  with 
d*  tonchision,  (hat  the  cxygen  is  emitted  by  the  vege- 
t»kle.  They  fcoth  observed,  that  lue  emissicn  was  mate- 
tallf  dependent  on  the  kind  of  water  in  which  the  veget.i- 
blt  oimet  wus  immersed.  It  was  mote  abundant  ftotn 
»Wt  drawn  by  a  pump  than  from  any  other  j  more  *o 
'wniTver-water  than  fiom  rain-water,  and  less  copiouf, 
*t  *tll  at  lr>l  pnre,  from  sisgnunt  wjIct,  or  water  fh'* 
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had  be^  boiled  or  distilled  *.  The  erolution,  also,  in  the 
same  quantity  of  water^  continued  only  for  a  limited  time  i 
and  that  this  could  not,  as  Ingenhousz  imagined,  arise  from 
the  termination  of  the  life  or  functions  of  the  Tegetable« 
supposing  the  evolution  to  hzrei  arisen  from  that  cause> 
was  apparent  from  the  fact  likewise  observed  by  Priest- 
ley f,  that»  on  removing  the  water,  and  adding  a  new 
quantity,  the  production  of  oxygen  took  place  as  before. 
These  facts,  it  must  be  acknowledged,  appear  to  establish 
the  conclusion,  that  the  production  of  oxygen  from  vege- 
table matter,  under  the  circumstances  observed  by  Priest- 
ley and  Ingeidiousz,  is  not  the  result  of  any  function  of 
the  living  vegetable,  but  rather  of  the  chemical  action  of 
the  light  on  the  water,  or  on  the  humid  vegetable  matter. 
Tet  there  are  other  facts  adverse  to  this  conclusion,  and 
which  appear  to  prove  that  the  leaf  operates  in  these  ex- 
periments in  consequence  of  its  organic  structure,  and  the 
actions  connected  with  this.  Thus,  Ingenhousz  found,  that 
in  exposing  to  the  solar  light,  in  separate  portions  of  the 
same  water,  living  vegetables,  or  the  leaf  of  a  plant  newly 
detached,  and  substances  which  might  equally  afford  a  sur- 
face on  which  the  light  might  act,  as  pieces  of  silk  or  cloth, 
while  the  former  afforded  very  pure  oxygen,  the  latter 
gave  none  %  :  the  oxygen  given  out  is  purer  when  the  up- 
per surface  than  whe  J  the  under  surface  of  the  leaf  is  ex- 


*  Priestley's  Experiments  on  Air,  voL  v.  p.  35.  36. 
Ingenhousz  Experiences  sur  les  Vegetaux,  torn.  i.  p.  8.  282. 

f  Experiments  on  Air,  vol.  v.  p.  25. 
X  Philosophical  Transactions,  vol.  Ixxii.  p.  42G. 
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posed  to  the  light  * :  and  a  larger  quantity  of  oxygen  is 
given  out  from  leaves  in  a  state  of  maturity  and  vigour,  than 
from  those  which  are  feeble,  and  imperfectly  developed  f  • 
While  the  leaves  thus  give  oxygen,  and  improve  the  air, 
die  flowers  and  other  parts  of  the  plant  always  deteriorate 
it  |:  leaves  which  are  dead,  or  have  their  organization  de- 
ttroyed,  give  out  no  oxygen  || :  the  emission  of  this  gas  from 
leares  under  exposure  t^  light,  in  conformity  to  this  last 
fact,  continues  only  for  a  certain  time :  and,  lastly,  the 
qeantity  of  oxygen  evolved  is  greater  than  can  be  suppos- 
ed to  be  derived  from  the  air  which  water  holds  in  solu- 
tion; and  the  water  surrounding*the  leaf,  when  the  cessa- 
tion of  the  production  of  oxygen  has  taken  place,  instead 
of  being  deprived,  is,  as  Ingenhousz  has  remarked  $,  satu- 
n^ed  with  it,  sparkles  when  agitated,  and  gives  it  out  when 
exposed  to  heat.  All  these  facts  appear  to  prove,  that  the 
production  of  the  oxygen,  under  these  circumstances,  is 
the  result  of  a  function  performed  by  the  living  leaf,  and 
capable  of  being  performed  by  it  alone. 

'fhe  facts  stated  in  opposition  to  this  conclusion  have 
been  supposed  to  be  reconciled  with  it,  by  a  discovery  an- 
noanced  by  Sennebier,  and  confirmed  by  Woodhouse  and 
Sanssure, — that  the  production  of  oxygen  by  plants,  ex- 
posed in  connection  with  water  to  the  solar  light,  depends 
ptincipally  on  the  carbonic  acid  which  the  water  contains. 
Senoebier  remarked,  that,  according  to  the  experiments  of 


•  Experiences  sur  les  Vegctaux,  torn.  ii.  p.  193. 

t  Ibid.  torn.  i.  p.  108.  316. 

t  liwd.  p.  67.  71.  269.  274. 

I  liiL  p.  127*       f  Philosoph.  Trans,  vol.  Ixxii.  p.  434*. 
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adbd  IrngfoiMna^  at  karri  c£  puss  exposed  tft 
Ufl^mwMm  vkkiikid^ccs  i»Ltid,f3TV&0Gsyge3fU9 
>  Ci^  wtmh  ht  tmiti  hj  ezperacjfat ;   viblr,  vbca 
fttME4  m  ir<riMratf4T  fievrjjr  ciavn,  this  g»  V2S  eantied. 
^IW  64yc<i#  tiiefif  waft  to  diicovrry  what  draunstaiKX  al» 
Uftt^itifi  tfctf  weli^wattrr  favoured  tlus  pfoductioD  of  oxt* 
g^«»  ^  »f»d  tiuiy  be  ftuppoiedy  was  a  ponkm  of  caibooic 
MUt  tmUMWtd  in  tliift  water,  the  d^compotitioii  of  whtcb 
ulfufAMd  tilt  oxygen*    He  therefore  uspregnated  water 
willf  cartiooic  acid,  in  different  proportions,  and  compared 
tim  iinaritity  of  air  given  out,  when  leaves  were  exposed 
lo  ilie  solar  liglit  in  these  portions  of  water  and  in  common 
Witlsr,  or  water  which  had  been  boiled.     In  the  last,  be 
fiiuiiil  tiu  air  to  be  given  out ;  in  the  common  water,  a 
htite  was  evolved  \  and  a  much  larger  quantity  was  emit* 
IctU  from  ili«  water  impregnated  with  carbonic  acid.     He 
liMilu*r  fuuiuli  ili.it|  after  a  certain  time,  the  impregnated 
Wiili'f  lu»t  (hii  kuperiority.  ami  that  it  lost  it  instantly 
wluMi  (ho  iMrhonic  aclil  was  abstracted  by  boiling,  or  by 
thi«  luUliiion  of  iime*wuter;  while,  if  a  little  acid  was 
iidilcdi  to  disengage  the  carbonic  acid  from  the  lime,  the 
powt»r  id  iuf  nishing  oxygen  was  restored  *.     These  facts 
h«>v  tuHMi  coiUirmed  by  other  authorities.     Ingenhousz 
l\mii«lft  that  if  vogetablcs  are  submitted  to  the  action  of 
^xA^t  Ughti  under  water  which  has  been  boiled  strongly, 
iu>  oxvi^vn  ga»  is^  i^tainetl  ;  but  ou  impregnating  this  wa- 
I.I   ^ah  vMik^mc  acuK   if  the  impio^nation  Is  net  too 
»u\^\<%  kA>^vhi  »>  allouleJ  ^n  Ur^e  ^uuiu.:y,  ani  of  gre^t 
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pnqty*:  and  Woodhoiise  founds  that  the  air  produced  by 

the  exposure  of  the  leares  of  plants  to  the  solar  light  in 

rifer  water  was  principally  nitrogen,  while  that  from 

the  lame  water  with  carbonic  acid.  Was  oxygen  gas 

of  a  high  degree  of  purity  f ..     It  appears  to  be  prared, 

Aeiefere,  that  the  production  of  oxygen,  when  leaves 

are  eiposed  immersed  in  water  to  the  solar  light,  de- 

.  peads,  if  not  entirely,  at  least  in  a  great  measure,  on  the 

cieoompoation  of  the  carbonic  acid  contained  in  the  water. 

There  is  another  cause,  too,  which  has  been  assigned  by 

bjedhousz,  why  die  kind  of  water  employed  in  the  ex- 

periment  appears  to  influence  the  production  of  oxygen. 

In  water  that  has  been  boiled,  the  air  it  held  in  solution  is 

expelled}  and  hence,  when  oxygen  is  emitted  by  the  leaf 

exposed  to  the  solar  light  in  such  water,  the  first  portions 

are  absorbed  by  the  water,  and  it  does  not  pass  to  the 

elastic  state  until  the  water  is  saturated,  while,  ia  common 

water,  there  is  no  loss  from  this  cause  %. 

A  series  of  experiments  made  some  years  ago  by  Count 
Romford,  has  been  supposed  to  afford  results  unfavour- 
able to  the  conclusion,  that  the  production  of  oxygen  de- 
pends on  a  function  performed  by  the  leaf,  and  connected 
with  its  organization  and  life.  In  these  experiments,  va- 
rious inorganic  substances,  such  as  raw  silk,  eider  down, 
cotton,  and  linen,  immersed  in  water,  and  exposed  to  the 
tobr  light,  gave  out  oxygen  gas,  some  of  them  in  as  large 


*  Experienceg  enr  let  Vegeuux,  torn.  i.  p.  !290 ;  torn.  ii. 
p.  78.  882.  296.  408. 

f  Nicholion^s  Joomaly  8vo,  vol.  ii.  p.  157* 

X  Phflosophical  TraniacdoDS,  rol.  Ixxii.  p.  429. 
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quantity  and  in  as  great  purity  ai5  vegetable!  do  *.  Though 
considerable  stress  has  been  laid  on  these  experiments^ 
^  they  are,  however,  little  conclusive.   In  lilmost  all  of  them, 

the  experiment  was  continued  several  day«  before  the  air 
pro4,ttced  was  withdrawn  and  examined  i  and  Ingenhousz^  . 
in  some  observations  on  (hemf,  very  justly  remarked^ 
that  the*  production  of  the  oxygen  might  be  from  the  green 
matter  originally  observed  by  Priestley,  wMch  is  alwavA. 
generated  when  water  is  exposed  to  light  with  any  vege- 
table or  animal  matter.  Rumford  himself,  in  relating  hit 
experiments,  generally  states,  that  the  water  lost  somewhat 
of  its  transparency,  and  acquired  a  greenish  tinge  1 1  s^nd 
he  addsj  that,  on  examining  water  which  had  acquired  (his 
green  tinge,  be  found,  that  the  green  matter,  whicb>  with 
Ingenhousz,  he  considers  as  a  collection  of  animalculae» 
had  been  formed  ||.  In  some  of  the  experiments,  the  eve* 
Itttion  of  4ir  took  place  sooner  than  it  could  be  supposed 
any  matter  of  this  kind  was  generated  ;  but,  in  the  experi- 
ments in  which  the  air  evolved  at  this  early  period  was  ex- 
amined, it  was  found,  with  the  exception,  in  one  or  two 
experiments  of  the  air  from  raw  silk,  to  be  not  oxygen» 
but  apparently  nitrogen,  or,  to  use  the  term  in  which  the 
fact  was  expressed,  <*  was  much  worse  than  common  air  i* 
and  it  was  only  after  the  fifth  or  sixth  day,  when  the  pro- 
duction of  the  green  matter  might  have  taken  place,  that 
y  the  production  of  oxygen  commenced  §  ;  and,  in  one  of 

■  — — 

♦  PhiloBOphical  Transactions,  17^7,  p.  8#. 

f  Experiences  sur  les  Vegctaux,  torn.  ii.  p.  362. 

J  Philosoph.  Tran.  1787,  p.  87.  Wi,  97.  100.  102.  lOfJ. 

Jl  Philosophical  Transactions,  1787  p.  HI. 

(■  Ibid,  p;  103.  10r>    108. 
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lilt  nperimenis,  the  appearance  of  the  green  matter,  at 
ihe  lime  when  the  oxygen  began  to  be  produced,  is  dis- 
tinoly  Tcmarked :  on  die  fifth  day,  "  the  water  changing 
juddcnly  to  a  greenish  colour,  began  all  at  once  to  give 
good  lir  in  great  abundance."  He  observed  also  *,  that 
Iks  Invcs  of  vegetables  lost  their  power  of  emitting  oxy- 
gtn,  when  exposed  in  water  to  the  solar  light,  after  an  ex- 
poiure  of  two  or  ihice  days,  (the  organization  and  life  of 
ilif  leaf  being  probably  by  this  time  subverted) :  they  then, 
fora  certain  iiitervil  of  time,  furnish  no  oxygen,— a  fact 
ditccily  lubvoTMve  of  the  opinion,  that  any  dead  inorganic 
mitter,  immersed  !n  water  and  exposed  to  light,  will  mSotA 
iix,  in  comeijucnce  of  affording  a  surface  at  which  the 
''{hi  can  act  on  the  water.  But  after  thia  interval, 
ibtT again  resumed  the  power  of  aff'ording  oxygen;  tlie 
ptuliar  green  matter  which  affords  that  principle  being 
ihm  produced, — a  fact  which  strongly  proves  its  agency 
in  ill  these  experiments.  And,  lastly,  Rumford  found, 
iIhI  in  employing  a  substance  which  could  neither  exert 
My  chemical  agency  on  the  water,  nor  contribute  to  the 
F>tdaciion  of  the  peculiar  green  matter,  but  merely  afford 
1  lurface,  whence  the  air  contained  in  the  water  might  be 
f«rinwd  by  the  agency  of  light, — such,  for  example,  as 


u  ipnn  g 


-,  in  thia  case,  very  little  air  was  extricated, 


""I  the  unall  quantity  obtained,  instead  of  being  oxygen^ 
■vntlier  worse  than  common  air,  and,  as  Rumford  re^ 
"tnlLFd,  "  was  doubtless  merely  the  air  wtih  which  the 
*iiCT  had  been  overcharged  f ."  TheSe  experiments, 
'Mtcforc,  rather  confirm  than  invalidate  those  of  Priestley 
and  higenhousz. 


•A^MJohicai Tranwctiooi,  1787,  p.  1 19.     f  Ibid,  p.  1 13. 
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Experiments  performed  hj  immersing  the  plant  in  water 
may  still,  boweveri  be  supposed  liable  to  some  sources  of 
fallacy  i  and  it  must  be  considered  as  more  satisfactory^  to 
determine  the  changes  occasioned  in  the  surrounding  air 
by  a  vegetable  in  its  natural  situation.  This  has  according- 
ly been  repeatedly  made  the  subject  of  experiment,  but 
with  results  far  from  being  uniform. 

Dr  Priest leyi  at  an  early  period  of  his  researches>had  ob- 
served, as  has  been  stated,  that  air  jnjured  by  respiration, 
or  combustion,  was  ameliorated  by  plants  growing  in  ir> 
though  sometimes  it  was  rather  farther  injured  *.  In  the 
latter <xase,  however,  it  appears  from  his  experiments,  that 
the  plant  confined  in  the  air  was  growing  in  earth  %  and 
the  action  of  the  vegetable  mpuld  might  have  given  rise  to 
the  result  he  observed.  In  other  cases,  whese  he  merely 
introduced  the  flexible  shoots  of  plants,  by  bending  them, 
into  jars  of  air,  the  air  was  ameliorated  \  and  he  observes, 
that  all  the  cases  in  which  common  air  was  improved  by 
vegetation,  were  those  in  which  the  experiment  was  per- 
formed in  this  manner  f ,  of  which  he  gives  a  number  of 
examples,  with  regard  to  different  plants.  He  found,  too, 
that  plaiUii  did  not  flourish  when  their  branches  were  in- 
troduced into  pure  oxygen  gas  -,  that  this  also  was  the 
cise  when  they  were  confined  in  carbonic  acid  gas,  either 
pure  or  mixed  with  a  portion  of  atmospheric  air.  Dr  Per- 
cival,  on  the  other  hand,  had  observed,  that  carbonic  acid 
gas,  supplied  to  growing  vegetables  in  a  small  proportion, 
was  favourable  to  their  growth  J.     And  Mr  Henry  sifficr. 


•  Experiments  on  Air,  vol.  i.  p.  91. 

t  ll>id.  vul,  iv.  p.  300.  305.  307. 

t  Manchester  Mexoir?,  vul.  ii.  p.  34t». 
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in  repeating  these  experiments,  had  observe4  the  same  re« 
silk  I  obsenring  also,  that,  when  the  vegetables  submitted 
to  experiment  were  confined  in  pure  carbonic  acid  gas, 
tkj  soon  died  ^.  Ingenhousz  had  remarked,  that  plants^ 
confined  in  an  atmosphere  containing  a  portion  of  carbo- 
ok  gas,  decompose  it,  or  convert  it  into  oxygen  gas,  when 
nposed  to  the  solar  li^t }  and  he  stated,  at  the  same 

• 

time,  that  the  direct  application  of  this  light  is  necessary  ; 
10  diat,  when  it  is  even  only  partially  excluded,  the  con- 
tersion  does  not  take  place,  and,  in  a  dark  place,  oxygen 
M  coBsumed,  and  converted  imo  carbonic  acid  f .  He 
fanber  observed,  that  air  vitiated  by  respiration  is  restored 
to  iu  former  purityi  by  shoots  or  branches  of  various 
planti  being  confined  in  bottles  filled  with  it,  and  exposed 
to  the  solar  light  %  and  this  happens  without  the  presence 
of  water :  **  A  leaf  of  a  vine,  inclosed  in  a  flask  capable 
of  containing  about  an  ounce*  of  water  full  of  air  infected 
^  respiration,  will  re*establish  it  in  an  hour  and  a  half  |.'' 
The  experiments  of  Sennebier  nearly  correspond  with 
we«  He  found,  that  the  air  inclosed  with  the  branches 
of  pbms  under  glass  receivers,  placed  over  water,  and  ex- 
posed to  the  sun,  was  almost  always  a  little  ameliorated ; 
and  was  still  more  so,  wlien  the  branches  were  removed 
^wing  the  night,  and  when  they  were  renewed  every  day, 
ot  Were  in  connection  with  the  plant.  He  found  also, 
^uat  when  branches  were  exposed  to  the  light  in  this  man- 
^'  in  nitrogen  or  hydrogen  gas,  renewing  them  every 


•  Manchester  Memoirs,  vol.  ii.  p.  357. 

•*  Experiences  siir  les  Vcgetaux,  lom.  i.  p.  52.  263, 

\  Journal  d'»  Physique,  tonr>.  xxriii.  p.  84.  86# 
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day,  and  observing  the  result  dailyi  there  was  progressive- 
ly an  addition  of  oxygen  gas,  so  that^  at  length,  a  taper  in* 
troduced  into  the  nitrogen  gas  burned  brightly,  and  the 
hydrogen  gas,  on  transmitting  through  it  the  electric 
spark,  gave  a  violent  detonation  *• 

This  subject  has  been  more  lately  investigated,  and  se- 
veral s^ies  of  experiments  perfpnned,  but  with  results 
which  are  still  discordant. 

The  first  of  these  have  been  performed  by  Dr  Wood- 
house,  professor  of  chemistry  at  Philadelphia.  He  confined 
various,  plants  in  atmospheric  air,  exposing  them  at  the 
same  time  to  the  solar  light.  <*  Carbonic  acid  gas  was  ge- 
nerally formed  \  and  whenever  this  circumstance  happen- 
ed, the  purity  of  the  air  was  diminished/'  The  re8ttlt9 
were  similar  when  they  were  confined  in  oxygen  gas,  the 
plant,  however,  genially  soon  dying  in  this'  situation.  Dr 
Woodhouse,  however,  instead  of  inferring  from  his  expe- 
riments that  the  consumption  of  oxygen  and  formation  of 
carbonic  acid  are  functions  performed  by  the  living  plant, 
rather  concluded,  that  the  production  of  the  carbonic  acid 
is  from  the  leaves  of  the  confined  plant  in  part  decaying, 
and  the  oxygen  of  the  air  uniting  with  the  carbonaceous 
matter  of  the  dead  portion  of  the  leaf.  He  supposed  even, 
that  the  carbonic  acid  is  decomposed  by  the  living  leaf,  its 
carbon  abstracted,  and  its  oxygen  evolved.  And  in  con* 
firmation  of  this  opinion,  he  states  the  experiment,  that 
when  leaves  of  different  plants  were  exposed  to  the  solar 
light  in  atmospheric  air,  having  aquantity  of  carbonic  acid 
mixed  with  it,  the  carbonic  acid  disappeared,  and  the  at- 


♦  Physiologic  Wgctale,  torn.  iii.  p.  *257. 


ootphenc  >ir  was  much  increased  in  purity.     He  found 
al»r  thu  leivti  immersed  in  water  containing  carbonic 
lOd,  afibrded  oxygen  on  exposure  to  solar  light ;  while, 
if  ihe  vxtrr  contained  no  carbonic  acid,  thef  afforded  an 
atrwhich  was  principally  nitrogen.     Hence  he  concludes* 
ttnt  tn  all  cases  where  oxygen  appears  to  be  produced  by 
vTgtaHes,  it  is  derived  from  the  decomposition  of  carbo- 
tbc  icid ;  and  as  little  of  this  gas  k  contained  in  the  atmo- 
be  supposes  that  the  vegetable  kingdom  can  have 
ifiict  in  preserving  the  purity  of  atmospheric  air. 
production  of  carbonic  acid,  on  the  other  hand,  he 
tt^itdi  at  always  arising  from  the  action  of  the  oxygen  of 
die  )ir  en  the  carbon  of  the  dead  or  decayed  vegetable  or 
of  the  toil.     And  with  regard  to  the  general  action  of  Tfi' 
geuUes  on  atmospheric  air,  he  remarks,  that  "  when  3 
pirn  in  perfect  health,  growing  in  a  eoit  which  contains 
linle  vegetable  or  animal  matter,  is  confined  in  atmosphe- 
rical ur,  it  will  live  a  long  lime  without  producing  any 
ciiaRgC  m  it.     Many  of  the  vegetables  which  were  the 
sntijeets  of  these  experiments,  did  not  affect  the  air  in  five 
days ;  some  diminish<.-d  its  purity  ui  three  hours,  and  others 
a&ned  n  in  a  most  blow  and  gradual  manner,  causing  lit- 
tle change  in  it  in  twenty  days  •.'' 

ThMidore  de  Saussure  appears  also  to  have  formed  the 
npinioa,  (hat  carbonic  acid  is  decomposed  by  growing  ve- 
gersbles  :  he  considered  this  decomposition  as  the  result 
af  ibe  process  of  vegetation  i  as  (he  source  of  the  carbon 

Int,  smd  tfi  the  oxygen  it  evolves.    Hence  his  ex^ 
: 
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ployedf  would  have  f urnishedi  by  decomposition  in  dote 
Tesselsi  9.95  grains  of  charcoal,  previous  to  exposure  to 
the  atmosphere  containing  carbonic  acid  gas ;  while  the 
same  plantSi  after  that  exposure,  afforded  of  charcoal 
12.23  grains.  These  results,  both  as  to  the  consumption 
of  carbonic. acid,  evolution  of  oxygen,  and  increase  of  car- 
bon in  the  plant,  were  confirmed  by  a  number  of  experi-*' 
ments.on  other  plants,  (Mentha  aquatica,  Lythrium  salt- 
caria,  Ftuus  genevensis,  Cactus  opuntia),  and  the  general 
cofidusion  established,  that  under  exposure  to  light,  plants 
always  decompose  carbonic  acid  by  their  leaves,  retain  its 
carbon  and  part  of  its  oxygen,  while  the  remaining  oxygen 
with  a  portion  of  nitrogen  are  exhaled  *. 

It  is  this  decomposition  of  carbonic  acid  which,  accord- 
ing to  the  views  of  Saussure,  is  the  source  of  the  carbon  in 
plants  ;  since,  when  made  to  vegetate  in  pure  water  and 
in  an  atmosphere  deprived  of  carbonic  acid,  he  found,  that 
they  increased  in  bulk  only,  without  acquiring  any  addi- 
tion of  carbon,  or  with  even  a  slight  diminution  of  it.  But 
in  common  atmospheric  air,  where  a  small  portion  of  car- 
bonic acid  is  constantly  supp^^d  to  them,  amounting,  ac- 
cording to  his  estimate,  to  -—  of  the  air,  he  has  found,  (in 

^  500 

opposition  to  Hasseofratz,  who  had  stated  from  some  ex- 
periments f ,  that  plants  vegetating  in  pure  water,  and  in 
atmospheric  air,  contain,  after  their  growth  is  established, 
even  a  less  quantity  of  carbon  fhan  before),  that  the  pro- 
portion of  carbon  is  augmented  from  this  source.     Thus 
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Airaoti  of  the  Mentha  piperita  being  plunged  in  bottles 
Ml  of  distilled  water,  and  allowed  to  vegetate,  under  es- 
pomc  to  tbe  air  and  light,  it  was  ascertained  by  COtnpa- 
m^  ciperiments,  that  100  pans  by  weight  of  the  plants 
Mployed,  contained  ♦0.29  of  dry  vegetable  matter,  which 
tSNded  1 0.96  of  carbon  i  while  after  vegetating,  as  in  the 
dneMperiraent,  for  2\  months,  the  100  parts  had  in- 
ntiKd  in  weight  to  216  parts,  which  dried  weighed  62  ; 
ndftoo  these  were  obtained,  by  decomposition  in  close 
vciieii,  H.TSof  charcoal,  or  1.82  more  than  what  they 
cODtuned  at  the  commencement  of  the  experiment.  A  si- 
milir  result  was  obtained,  when  beans  were  made  to  ve- 
ptitr  in  pieces  of  flint,  in  a  glass  capsule,  and  suppUcd 
viih  distilled  water.  The  original  beans  gave  22^  grains 
o^chatcoal;  while  after  vegetation  in  the  open  air  for 
thnt  months,  the  plants  afforded  51  grains  ■. 

When  light  is  not  applied  to  plants,  other  actions  arc 
onted.  Carbonic  acid,  instead  of  promoting  the  vege- 
tation, if  hurtful  to  it,  and  does  not  appear  to  be  decom- 
feaed,  or  is  decomposed  at  least  only  in  minute  quantity. 
In  aimoifihnic  air  freed  from  carbonic  acid,  the  recent 
leavctf  when  light  is  not  present,  consume  a  portion  of  the 
oxygen,  and  after  a  ^ort  lime,  or  some  of  them  imme- 
diuely,  form  carbonic  acid  gas  which  is  expired  f .  This, 
If  not  rrmovcd,  proves  injurious,  while  the  plant  remaim 
in  obscurity.  But  if  light  be  admitted,  it  is  then  rather 
advant^eoiu ;  tbe  plant  again  decomposes  it,  retains  itt 
cuboo,  and  emits  its  oxygen.  Thus,  if  the  vegetable,  un< 
dor  exponire  to  light,  be  inclosed  in  atmospheric  air  with 
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;»  portioa  of  lime  or  a  iwhtiBB  of  pnTarij  wbkli  absorbt 
aoy  carbonic  ackl  that  baa  faicn  fiaBned  voder  the  pretiu— 
abstractioa  of  ligiir»  it  sxat  £es^  cbe  leaves  faffing  entirelj 
from  the  bcancbea  at  five  ae  six  <!ip»  If  k^tintheafaade^ 
IkMrerer^  the  Ih&e  or  aDoiiy  instead  ef  being  hartfal  to  ve^ 
frtsttioii«  is  ratbee  £iiuiinbb»  as  ic  leanoves  die  carbonic 
jcid  gas,  which  the  aegeCabk^  without  the  assistance  of 
liglit,  IS  unable  to  decompose* 

These  faactions  are  performed  hj  the  green  parts  of 
plant Sy  pfincipallf  br  the  kawes^  The  root,  wood,  and 
even  the  petab  of  the  plant»  yidd  only  carbon  to  the  ozj* 
gen  which  surroands  them. 

The  sununary  Tiew,  therefore,  of  the  function  of  re$pt« 
rsition  performed  by  regetaUes,  and  its  cormection  with 
fheir  growth,  as  given  by  T.  Saussnre,  is,  that  plants  un^ 
#fer  exposure  to  light,  absorb  and  decompose  carbonic  acid, 
whether  tuppUed  by  the  atmosphere,  by  water,  or  from 
the  soil ;  its  carbon^  with  part  of  its  oxygen,  enters  into 
their  composition,  and  the  remaining  oxygen  is  given  out. 
In  darkness  this  oxygen,  or  the  oxygen  of  the  surrounding 
air,  is  again  consumed  or  absorbed  ;  it  acts  on  the  matter 
nt  the  plant,  combines  with  its  carbon,  and  again  forms 
r^rbonic  acid,  which  is  exhaled  :  on  the  return  of  light, 
this  is  decomposed,  its  carbon  and  part  of  its  oxygen  trans* 
fcrted  to  the  plant,  and  its  remaining  oxygen  emittet) ;  and 
hence,  if  a  plant  be  exposed  alternately  to  the  light  and 
»ha<le,  neither  the  volume  nor  purity  of  the  air  is  altered, 
h  is  only  by  submitting  to  separate  examination  the  ef- 
fects in  the  shade,  and  under  exposure  to  light,  that  these 
ire  discovered,  and  the  preceding  results  can  be  establish* 

O.I'. 
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A  senes  of  experiments  has  been  lately  pahli&hed  by  Mr 
Ellis  ^1  which  j>re8ent  a  different  and  more  simple  view  of 
the  eSiects  of  vegetation  on  atmospheric  air,  and  of  the 
share  which  it  has  in  that  process.  They  lead  to  the  im- 
portant  conclusion)  not  beforei  I  believei  distinctly  advan* 
cctl  by  any  of  those  who  have  investigated  this  subject,— 
flat  the  function  of  respiration  is,^  as  to  its  results,  the 
same  in  vegetables  as  in  animals ;  that  the  former  as  well 
M  the  latter,  in  all  situations,  consume  the  oxygen  of  the 
air,  by  converting  it  into  carbonic  acid. 

It  had  been  sufficiently  established  by  the  experiments 
(tf  Scfaeeie,  Ingenhousz,  Gough,  Cruickshank,  and  others, 
that,  daring  the  process  of  germination  >  oxygen  is  con- 
sined  and  carbonic  acid  formed.  But  it  had  been  be- 
lieted,  that  when  the  germination  is  completed,  and  the 
ttrocture  and  powers  of  the  plant  developed,  this  ceases, 
and  other  functions  commence,  giving  rise  to  very  difie* 
rent  results*  With  regard  to  the  changes  effected  in  the 
sturottoding  air,  according  to  the  experiments  of  Mr  Ellis, 
the  tame  process  is  still  continued  ;  and  in  vegetation  ^a 
well  as  in  germination,  oxygen  is  consumed  and  carbonic 
acid  formed. 

He  placed  some  seeds  of  mustard,  which  had  been 
bnnight  to  vegetate  on  moistened  flannel,  and  had  grown 
to  the  height  of  more  than  an  inch,  in  a  jar  of  atmosphe* 
^  air,  supporting  them  by  a  small  whalebone  hoop  cover- 
ed with  netting.    A  quantity  of  lime-water  in  a  glass  was 
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placed  beneath  the  hoop,  and  the  mouth  of  the  inverted 
jar  was  surrounded  .^ith  water.  In  a  few  hours  a  thicks 
pellicle  orerspread  the  lime-water  :  at  the  end  of  twenty- 
four  hours  it  was  rery  turbid,  and  the  water  had  risen  half 
an  inch  within  the  jar :  at  the  end  of  the  third  day  it  had 
risen  nearly  an  inch  within  the  jar :  the  plants  now  began 
to  look  sickly,  gradually  drooped,  and  by  the  ninth  day 
fell  down  against  the  sides  of  the  jar.  The  residual  air 
extinguished  a  taper,  and  rendered  lime-water  milky,  with 
a  further  diminution  of  volume.  Its  oxygen  therefore 
had  been  consumed,  and  carbonic  acid  formed.  The  re* 
suits  were  similar  when  the  experiment  was  performed 
over  quicksilver. 

In  subsequent  experiments,  the  changes  in  the  air  were 
determined  with  still  more  precision,  and  were  always  , 
found  to  be  the  same.  Its  oxygen  was  uniformly  con- 
sumed and  replaced  by  carbonic  acid  gas,  the  proportion 
of  which  was  such,  that  there  was  on  the  whole  little  di- 
minution of  volume ;  the  carbonic  acid  gas  produced,  be- 
ing nearly  equal  in  volume  to  the  oxygen  consumed.  Car- 
bonic acid  gas,  Mr  Ellis  endeavours  to  shew,  is  not  neces- 
sary to  tlie  growth  of  plants ;  since  the  plant  dies  when  it 
is  abundantly  supplied  with  it,  if  oxygen  be  not  present, 
and,  on  the  other  hand,  it  lives  and  flourishes  as  long  as 
it  is  supplied  with  oxygen,  though  carbonic  acid  be  com- 
pletely abstracted  from  it.  The  experiments  of  Priestley 
and  Ingenhousz,  in  proof  of  the  emission  of  oxygen  by  the 
leaves  of  plants  when  immersed  in  water  and  acted  on  by 
light,  he  contends  are  inconclusive,  as  the  leaf  in  this  si- 
tuation, and  especially  as  detached  from  the  plant,  cannot 
be  supposed  to  perform  its  natural  function. 
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I  have  repeatedly  witnessed  Mr  Ellis's  experiments)  and 
been  fully  satisfied  of  their  accuraqri  or  that  the  results 
were  precisely  as  described,  and  established  without  any 
apparent  source  of  fallacy.  They  agree  too  with  those  of 
Scheele,  and  in  part  with  those  of  Woodhouse  i  but  they 
are  in  direct  opposition  to  those  of  Priestley,  and  in  some 
parts  are  at  variance  with  those  of  some  other  chemists. 
It  is  therefore  difficult  to  form  a  decided  opinion  on  a  sub- 
ject, with  regard  to  which,  experiments  appear  to  be  so 
liable  to  uncertainty  and  fallacy. 

I  had  formerly  supposed,  that  the  results  in  Mr  Ellis's 
experiments,  and  in  those  of  Scheele,with  regard  to  the  con- 
sumption of  oxygen  and  formation  of  carbonic  acid,  might 
have  arisen  from  plants  being  employed,  the  white  and 
locculenC  stems  of  which  are  large  proportioned  to  their 
leaves,  it  being  only  the  green  parts  of  plants  that  have 
the  power  apparently  of  evolving  oxygen.  Mr  Ellis  has 
since,  however,  obviated  this  objection,  by  employing 
plants  the  shoots  or  stems  of  which  with  the  leaves  are 
entirely  green,  and  has  still  found  the  results  to  be  the 
same. 

He  has  also  justly  observed,  that  it  appears  to  be  esta- 
blished by  the  researches  of  the  greater  number  of  those 
who  have  investigated  this  subject,  that  oxygen  is  given 
out  by  plants  only  when  they  are  under  direct  exposure  to 
the  solar  rays.  This  is  ascertained  by  the  experiments  of 
Ingenbousz,  Sennebier,  Saussure  and  others^  and  with  re- 
gard to  it  there  appears  to  be  no  doubt.  But  when  not  placed 
in  this  situation,  the  changes  are  reversed  \  and  not  only  in 
darkness,  or  an  obscure  light,  but  even  in  the  clear  light 
of  day,  there  is  the  consumption  of  oxygen  and  the  forma- 


48  ClIEBIICAL  PHYSIOLOGY 

tion  of  carbonic  acicL  This  is  the  uniform  result  of  his 
own  eiperiments  ;  it  is  established  too,  as  has  been  already 
remarked,  (p.  37.),  by  the  experiments  of  Ingenhousz ; 
and  it  may  likevnse  be  inferred  from*  the  experiments  of 
Siaussure. 

Plants,  therefore,  appear  to  exert  two  opposite  func- 
tions with  reg&rd  to  the  air  applied  to  them,  according  as 
they  are  exposed  or  not  to  the  direct  action  of  the  solar 
ray^.  When  exposed  to  them,  they  decompose  car^nic 
acid,  whether  applied  in  its  elastic  form,  or  held  dissolved 
by  water,  aild  they  exhale  oxygen ;  when  not  under  this 
immediate  exposure,  though  light  be  still  present,  they 
consume  oxygen,  and  form  carbonic  acid,  which  they 
emit.  The  question,  therefore,  is,  which  of  these  can  be 
regarded  as  the  natural  function  of  the  plant,  or  rather 
which  is  most  essentially  connected  with  its  growth,  and 
the  processes  niturally  connected  with  it.  And  on  this 
point  Mr  Ellis  has  very  justly  remarked,  that  as  so  many 
plants  grow,  and  form  all  their  products  without  being 
directly  exposed  to  the  rays  of  the  sun,  and  as  at  certain 
seasons,  and  in  many  climates,  the  degree  of  this  exposure 
is  so  inconsiderable  compared  with  their  seclusion  from 
it,  we  are  led  to  the  conclusion,  that  it  cannot  be  essen- 
tial to  their  growth,  but  that  the  function  which  they 
more  usually  perform,  must  be  considered  as  that  on 
which  their  vegetation  depends. 

This  conclusion  may  be  just,  yet  the  subject  is  not 
free  from  obscurity  j  for,  independent  of  the  discor- 
dant experiments,  resting  apparently  on  equal  autho- 
rities, it  must  appear  singular,  that  plants  can,  with- 
out injury,  so  change  the  state  of  the  functions  they 


OF  VEGETABLES.  49 

exert,  »  at  different  times  to  product  changes  precise- 
ly the  reverse  of  each  other,  though  extremely  import- 
aot  in  themselves  ;  and  farther,  that  they  should  exist  in 
greatest  Tigour»  and  form  their  peculiar  products  in  great- 
est perfection  generally  in  those  climates,  and  universally 
It  d»t  season  in  which  they  have,  from  situation  with  re- 
gaid  to  solar  light,  been  exerting  to  the  greatest  extent, 
diat  very  function  with  regard  tadie  air,  supposed  to  be 
least  natural  to  diem,  or  the  reverse  of  that  to  which  their 
economy  is  adapted,  and  which  th^y  usually  perform.  We 
have  the  faurtber  difficulty  if  we  adopt  this  view,  of.ac- 
counting  for  the  origin,  (particularly  in  the  case  of  plants 
(rowing  when  supplied  only  with  water  and  atmospheric 
air),  not  only  of  the  carbon  which  makes  part  of  their 
substance,  but  of  the  mudh  larger  quantity  which  must 
be  spent  in  tbia  formatiQci  and  evolution  of  carbonic  acid. 
And,  lastly,  the  experiments  of  Saussure  appear  to  proVe, 
that  the  decomposition  of  carbonic  acid  by  plants,  instead^ 
of  being  in  some  nseasiire  an  unnecessary  process,  de- 
pendent en  the  accidental  chemical  agency  of  solar  light, 
is  essential  tp  their  growth;  for  he  found,  according  to 
the  experiments  already  referred  to,  (page  43.),  that  If  the 
small  portion  of  carbonic  acid  which  atmospheric  air  na- 
turally contains  were  removed,  by  washing  with  lime  wa- 
ter, the  vegetable  to  which  such  air  was  applied  merely 
expanded,  ^without  any  real  addition  of  vegetable  matter, 
while,  when  supplied  with  water  and  with  atmospheric 
air  in  its  natural  state,  the  proportion  of  vegetable  matter 
increased  with  its  growth,  proving  of  course  that  it  had 
fixed  the  carbon  of  this  carbonic  acid. 

It  is  to  be  stated,  as  an  important  fact,  in  concluding 

Vol.  IV.       .  D 
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thil  4iibjffct»  Ikn  the  changes  effected  by  pbnU  in  a  4UU 
of  fiUl  'growth  aod  vigour  on  the  surrounding  air,  are 
much  lets  than  hsuife  beeo  imaginedy  and  that  when  sup- 
plied nserdljr  vith  water,  they  are  so  inconsiderable  as  not 
to  be  Tery  perceptible.  Thus  Hassenfiratz  inclosed  the 
branches  of  growing  plants  in  atmospheric  air,  the  roots 
being  either  in  water  or  in  eartb>  the  surface  of  which  was 
covered  with  a  plate  of  tinned  iron  having  an  aperture  io 
it  through  which  the  stem  rose,  and  this  aperture  btic^ 
exactly  dosed  with  soft  wax,,  so  that  a  jar  su^Kirted  on  th^ 
plat6  had  its  orifice  surrounded  with  watec *  In  both  these 
modes  of  making  the  experiment  he  found>  duit  though 
the  plants  grew,  yet  at  die  end  of  a  month  and  a  half  or 
two  months,  the  air  remained  unaltered  in  volume,  and  ia 
the  proportion  of  oxygen  *.  A  similar  result,  it  has  been 
already  stated,  has  been  obtained  by  Woodhouse  and 
Saussure.  It  is  probably  principally  from  the  soil  that 
plants  derive  their  nourishment,  and  they  are  unquestkm* 
ably  much  less  dependent  than  animals  on  the  surrounding 
air.  They  require  also  a  less  supply  of  nutritious  matteri 
as  their  growth  is  much  more  slow,  and  they  lose  less  l^ 
any  excretion.  There  appears  too,  to  be  a  much  greatei 
diversity  in  plants  than  in  animals  with  regard  to  their  re« 
lation  CO  the  air,  some  afi^cting  it  very  slowly,  others  pro* 
ductng  changes  in  it  very  speedilyi  and  some  being  injured 
by  one  gas  in  which  others  live  sufficiently  well. 

Vegetables  are  capable  of  being  acted  on  by  the  other 
serial  fluids,  and  of  actiirg  on  them ;  though,  with  regard 
:o  this,  considerable  diversity  prevails  among  the  experi* 


*  Annalci  de  Chimic,  torn.  xiii.  p.  325. 
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fflMtl  of  dificrent  chemists.  Accwding  to  Scheelei  tliey 
^  Dot  flourish  in  oxygen  gas,  but  decay  and  die  * :  anil 
dw  un  concluston  was  drawn  by  Priestley  from  his  ex- 
IKlintaitif.  IngeniiDu&z,  on  the  cantraiy,  afiirmg,  that 
■  pliu  coafined  m  oxygen  gas,  and  citlier  exposed  to  the 
tight  or  kept  in  &  dark  place,  vegetates  very  well,  and  in 
gouial  lires  longer  2nd  is  more  vigorous  iluo  when  it  is 
lodoted  is  a  liioilar  tiuantiiy  of  atmospheric  air;  and  it 
limitUllongcr  if  thecaibonic  acid  gas  which  it  generates, 
vliaLept  ID  darkoess,  be  abstracted,  than  if  It  he  aUow- 
id  utcmaio.  The  presence  of  oxygen  gaa,  according  to 
hit  tiptrimenta,  enabies  Ic  even  10  resist  better  the  per- 
mciou  operuioa  of  other  aerial  iluida  J.  The  results  of 
Suuure's  observationa  appcac,  on  the  othet  hand,  tu  agree 
vilblhoie  of  Sclicele  and  Priestley  ;  as  he  faund  plants  to 
iamli  Icu  when  kept  in  the  shitde  in  pure  oxygen  gas, 
iliv  ia  oxygen  diluted  with  nitrogen  or  hydrogen,  either 
icimthe  immediate  action  of  the  oxygen,  or  from  oiore 
cubanic  acid  being  formed  |j.  There  is  some  reason  to 
Ithnt,  (hat  in  xU  the  experiments  in  which  oxygen  baa 
HTBued  injurious  to  vegetables,  it  is  from  this  last  cause 
■^  thti  has  arisen,  and  that  directly  it  a  rather  useful, 
*i  u  even  necessary  to  suilain  the  functions  of  plants. 
^^  is  paiticular  appears  from  plants  dying  when  kept  is 
*«*«i  a&d  likewiEe  from  the  efl'ect*  of  the  other  gases  up- 

^nmley  fbond^  iad£«d,  that  plants  grow  perfectly  well 


*  Chrmical  Obaantiann  and  Experiment*,  p.  156. 
f  £ipauB(iUi  on  Air,  vol.  iv.  p.  326.  1   vol.  v.  p.  13. 
1  Expmnicci  «ur  let  Vrgeiaux,  lam.  ii.  p.  10.  l.i.  21.  7Q, 
:  Rnliifrdicir  p.  92. 
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io  nitrogen  gaS)  or  in  air  that  had  been  injured  by  com- 
bustion or  respiration  * ;  but,  in  opposition  to  this,  Ingen- 
housz  affirms,  that  the  gases  which  are  noxious  to  animal 
liftf,  nitrogen,  hydrogen,  and  carbonic  acid,  prove  injurious 
likewise  to  vegetables.     When  young  plants  arc  confined 
in  any  of  these  gases,  he  found  them  incapable  of  relat- 
ing their  noxious  operation,  either  in  the  shade  or  under 
exposure  to  light ;  and  even  when  they  have  acquired 
more  vigour,  although  they  resist  it  for  a  few  days  under 
favou^ble  circumstances,  they  at  length  decay  and  die  f • 
Carbonic  acid  gas  appears,  from  his  experiments,  to  be 
peculiarly  injurious  to  vegetable  life,  especially  if  its  noxi- 
ous quality  be  not  counteracted  by  exposure  to  solar 
light  %.     And  if  a  plant  be  inclosed  in  common  air,  or  in 
oxygen  gas,  and  be  kept  in  a  dark  place,  if  the  carbonic 
acid  it  generates  be  abstracted  at  intervals,  it  grows  better 
than  if  it  be  not  removed  ||.     Priestley  likewise  observed, 
as  has  been  already  stated,  that  carbonic  acid  gas  is  in- 
jurious to  vegetables  f  5    and  even  Pfercival  and  Henry, 
who  contended  for  its  utility,  admitted,  that  it  proved 
hurtful  if  in  its  pure  state,  or  unmixed  with  oxygen.  Hy* 
drogen  gas  Priestley  found  to  be  less  injurious ;  and  by 
some  plants,  as  the  willow,  he  observed  it  to  be  absorbedf 
without  injury,  in  considerable  quantity  §, — an  observa- 
tion confirmed  to  a  certain  extent  by  Ingenhousz,  who 
farther  observed,  that  the  plant,  when  exposed  to  the  solal 


♦  Experiracr.ts  on  Air,  vol.  iv.  p.  fJ05.  326. 
t"  Experiences  sur  les  A'cgcfaux,  torn,  ii,  p.  5« 
t  Ibid.  p.  T*J.  II  Ibid.  p.  76.  228. 

^  ExjK'riments  on  Air,  vol.  iii.  p.  303. 
^  Ibid.  vol.  iv.  p.  320.  330. ;  vol.  v.  p.  2. 
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r^^  In  hfdtogen  gas,  gives  to  it  oxygen,  so  as  to  render 
it » length  capable  of  exploding,  on  die  approach  of  an 
ignited  body  •-  According  to  the  observations  of  Hum- 
boldt and  otbers,  hydrogen  appears  to  be  even  capable  erf 
snpplfing,  to  a  certain  extent,  the  place  of  light,  and  of 
trabUng  plants  to  r«tain  their  green  colour,  which  they 
cthtnrise  lose  when  light  is  excluded  f. 

Mr  Davy  some  years  ago  observed,  that  some  plants, 
tainiinct  for  example,  grow  in  hydrogen  gas,  when  sup- 
filed  at  the  same  time  with  water,  absorb  a  portion  of  it, 
ni,  wbm  exposed  to  light,  give  out  oxygen  ■,  while  others, 
u&xglove  or  hemlock,  die  in  it  very  quickly.  He  ob- 
Kned  a  similar  difference  with  regard  to  carbonic  add 
(u :  many  vegetables,  when  confined  in  it,  and  exposed 
to  wlar  light,  fioutished,  part  of  the  carbonic  acid  was  de- 
composed, and  oxygen  evolved  ;  while  others,  especially 
■qnaiic  plants^  die  in  it  in  a  very  short  time  X- 

Mi  Gough  found,  that  nitrogen  gas  is  injurious  to  grow- 
ing pUnls.  It  rather  appears,  however,  from  his  experi- 
ratnts,  to  have  exerted  no  positively  noxious  power,  but  to 
hffc  proved  hurtful  only  by  excluding  oxygen  ;  as  when 
(1«  plant  confined  in  it  was  transferred  to  atmospheric  air, 
in  powers  of  vegetation  were  renewed.  He  concludes 
with  Ingenhousz,  that  oxygen  is  necessary  to 
vegetable  life  Ij. 
lUre,  in  btt  late  experimeDts,  has  likewise  directed 


*  Ciptrieaccs  sur  h-i  Wgctaux,  torn.  ii.  p.  330. ;  lorn.  i. 
F.S97. 
t  Jooinal  dr  Physique,  torn,  xtiii.  p.  393. 
t  (Btidoet's  Medical  Contributions,  p.  156.  163.  9D0. 

iCbriMcal  Rc»earche«,  p.  56S. 
I  mcboltoa**  .Tfiitrnal,  vol.  ii.  p.  217. 
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his  attention  to  the  inflacnce  of  the  diflmnt  gates  on  tc* 
getation.  Nitrogen  appeaiped  to  be  incapable  of  sustain* 
ing  it :  the  plant  coatinned  to  grow  for  a  short  time,  in- 
deed, from  the  poition  of  oxfgen  which  its  green  fots 
exhale  i  but  plants  not  possessed  of  svch  parts,  oir  de- 
pritcd  of  them,  were  found  not  to  Tegetate  in  nkrogen. 
Some  vegetables}  in  which  the  green  parts  were  abmdaai, 
flourbhed  in  it  for  a  consideraUe  period.  In  dailune89» 
pfamts  confuted  in  it  exhaled  caibontc  acid.  The  fcneni 
results,  with  regard  to  Tegetatioo  in  hydrogen  ga»  and  in 
carbonic  oxide  gas,  he  found  to  be  neariy  the  same  as  in 
nitrogen  *. 

The  roots  of  .Tegetables  peff arm  functions  with  regard  to 
aerial  fluids  different  from  the  leaves.  Thejr  consnme  ozj« 
gen,  and  form  carbonic  acid ;  and  they  are  injured,  and  at 
length  decay,  when  confined  in  carbonic  acid,  nitrogen,  or 
hydrogen  gas  f.  The  stems  and  branches  of  plants  coo- 
fined  in  atmospheric  air  vitiate  it  either  in  the  shade  or  un- 
der exposure  to  light,  without  changing  its  volume,  as  they 
replace  the  oxygen  they  consume  by  an  equal  volume  of 
carbonic  acid  gas.  The  green  membranous  tissoe  with 
which  these  parts  are  covered,  counteracts  this  under  ex- 
posure to  Kght,  by  decomposing  part  of  the  carbonic  acid 
which  is  formed  ;  but  the  effect  of  this  is  very  trivial  (. 
The  flowers  of  plants  produce  clianges  on  the  air  similar 
to  those  produced  by  the  roots  and  branches.  They  ap- 
pear to  exhale  also  a  portion  of  nitrogen  gas  in  the  shade  ||. 


•  RcchrrchcB,  p.  194. 

f  T.  SauMurc  Rccherches.  p.  lOi.  109. 

.l  ii..i<i.  p.  11  ^».  !:  IbiJ.  p  1^0. 
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Secretion  is  a  fttnction  performed  bjr  vegetables,  and 
labKrvient  to  (he  formation  of  their  tereral  proctucts. 
Wire  the  «ap  which  they  absOTb,  and  which  is  conveyed 
Ihnagh  thfrir  Vessels,  merely  changed  by  the  function  of 
cnpiruion  and  tfae  action  of  light,  one  product  only  could 
be  rormcd  from  it  in  each  pUnt ;  but  very  di.fierent  pro- 
tacta  are  formed  and  deposited  in  different  parts  of  the  ve> 
{Kihle  i  aod  the  formation  of  these  must  be  regarded  as 
Jfpetu&ig  on  the  action  of  the  vqmsU,  and  therefore  as  a- 
iwjigfmn  a  function  analogous  to  secretion  in  animala. 
He  organs  in  which  this  is  performed  are  not  well  deter> 
nuwd.  The  utricles,  or  those  bundles  of  vessels  foitad  in 
At  Mn  iiul  other  parts,  have  been  considered  as  secreting 
|hiidi|  but  this  is  not  established  by  any  proof.  The 
iKtcttd  substances  are  probably  designed  to  serve  some 
puipoae  in  the  economy  of  (he  vegetable,  or  to  protect  it 
hvm  ettcmal  noxious  agents.  They  constitute  the  chief 
prannaie  principles  of  plants. 

After  ihe«e  observations  on  the  functions  of  vegetables, 
n  hive  to  trace,  as  far  as  can  be  done,  the  operation  of 
^MB  nbstancft  whicli  are  received  into  the  vegetable  sys- 
m,  and  diose  processes  by  which  these  are  converted  into 
th*  fariette*  of  vegetable  matter. 

tlw  leedaef  vegetables  consist  of  two  essential  parts,— 
•f  ihr  Germ,  or  small  bud,  the  pan  endowed  with  life, 
"iih*  mdiaent  of  the  future  plant  i  and  of  the  Cotyle- 
*•».  «  feed  lobes,  which  are  connected  with  it,  and 
*li<di,  in  tbe  derclopement  of  its  powers,  and  the  first 
Xgeof  its  growth,  appear  designed  to  atfoni  to  it  nutritious 
■ntr.  la  the  germ  two  distinct  parts  are  discoverable, 
-^r  radicle,  which  descends  from  the  seed,  forming  the 
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root,  and  the  plumula  forming  the  atem ;  and  it  i$  connect' 
ed  with  the  cotyledons  by  slender  vessels,  which  ramify 
through  their  substance,  and  which  unit<(  at  their  cooneG^ 
tion  with  the  germ.  When  the  seed  is  planted,  in  the 
ground,  or  placed  in  other  situations  favourable  to  its  ve* 
getation,  it  absorbs  moisture,  and  swells  *,  the  radicle  be^ 
gins  to  shoot  out,  and,  at  the  same  time,  the  substance  of 
the  seed  lobes  suffers  a  change  in  its  qualities,  the  feei^a 
of  which  it  principally  consists  being  converted  into  sugar* 
This  constitutes  the  vegetable  ftinction  of  germination,  the 
first  stage  of  vegetation,  and,  when  performed  on  certain 
grains  preliminary  to  fermentation,  the  process  of  malting. 
From  its  connection  with  these  processes,  it  has  been  re- 
peatedly  examined,  and  the  principal  facts  with  regiard  t» 
it  have  been  determined. 

It  has  been  ascertained,  that  the  presence  of  oxygen  is 
indispensable  to  germination.  If  seeds  moistened  are  plac- 
ed in  vacuo,  they  do  not  germinate  ;  as  was  long  agp  ascer- 
tained by  Boyle,  in  his  experiment€  with  the  air-pump. 
If  they  are  confined  in  nitrogen  gas,  hydrogeh  gas,  carbo- 
nic; acid,  or  nitric  oxide  gas,  or  if  they  are  placed  over 
quicksilver,  germination  does  not  take  place.  When  im- 
mersed in  water  from  which  the  atmospheric  air  is  exclud- 
ed, they  swell,  and  the  radicle  is  formed,  but  vegetation 
makes  no  farther  progress.  And  in  all  these  cases,  if  the 
seed  has  been  moistened,  the  life  of  the  germ  is  soon  lost, 
the  matter  of  the  seed  decomposes  and  becomes  putrid, 
'and  a  portion  of  gas,  consisting  of  carbonic  acid,  with  a 
little  carbonic  oxide  or  carbiiretted  hydrogen,  is  disengag- 
ed.   These  facts  have  been  unequivocally  determined,  by 
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die  Tepeated  experiments  of  Scheele  *,  Achardi  Ingen- 
hoiuaf,  Gough  X,  Cruickshank  |],  Huber  ^  and  EUis  {. 

When  atmospheric  air  or  oxygen  is  admitted  to  the 
noiiteoed  seed,  germination  soon  bemmences,  the  oxygen 
itcoDSttmed,  and  carbonic  acid  is  formedi  as  appears  to 
hare  been  first  ascertained  by  Scheek,  and  as  has  since 
been  established  by  the  experiments  of  all  those  who  hare 
iofestigated  this  subject.  The  germination  is  even  more 
tapid  in  oxygen  than  in  atmospheric  air,  as  Huber  ascer- 
tained, both  by  exposing  seeds  moistened  to  oxygen  gas^, 
and  by  placing  them,  in  a  comparative  experiment,  in  com- 
mon water,  and  in  water  impregnated  with  oxygen  4..  It 
was  likewise  found  by  Humboldt,  that  seeds  wjych  from 
kmog  been  long  kept  did  not  germinate  when  moistened 
and  exposed  to  atmospheric  air,  began  to  germinate  when 
OKMStened  with  water  impregnated  with  oxymuriatic  acid, 
which  afibrded  ojcygen  to  them  in  a  more  condensed  state; 
and  that,  by  the  application  of  the  same  liquid,  the  germi- 
nation of  seeds  m  their  usual  state  was  always  accelerat- 
ed |^-»fact8  which  have  l>een  confirmed  by  Von  Uslar  || 


•  Treatise  on  Air  and  Fire,  p.  151,  152. 

t  Journal  de  Physique,  torn,  xxviii.  p.  83. 

X  Manchester  Memoirs,  vol.  iv.  p.  310. 
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•   f  Memoires  sur  la  Germination. 
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H  Obtenrations  on  Plants,  p.  138. 
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and  T.  Sftii|i8\ire  *•  Huber  found,  howe?er,  that  although 
oxygen  gas  accelerates  germination,  it  proTes  rather  pre* 
judicial  to  the  progress  of  vegetation,  when  the  parts  of 
the  embryo. plant  begin  to  expand  ^  and  in  twenty*>fb«r 
hourSf  it  was  necessary  to  remove  the  oxygen  gas,  as  odier« 
wise  the  radicles  beoame  brown  and  decayed  f .  The  pre- 
sence of  a  little  carbonic  acid  gas  wi^h  the  oxygen  gas»  he 
fbnnd  rather  useful,  probably  by  diluting  it}  for  in  atmos* 
pheric  Wf  the  progress  of  germination  is  rather  favoured 
if  the  airbonic  acid  be  withdrawn  as  it  is  formed,  as  Sans« 
sure  found  i  and  a  large  proportion  of  it  was  found  by 
Huber  to  be  hurtful,  even  when  oxygen  was  present  (» 

8cbee|f  observed,  that  during  germination,  the  volume 
ef  the  air  is  not  sensibly  altered,  or  the  oxygen  gas  con* 
sumed  is  replaced  by  an  equal  volume  of  carbonic  acid  gas* 
—^a  fact  which  was  afterwards  ascertained  with  predsioa 
by  Cniickshank.  It  has  also  been  established  by  Saussure. 
Mr  £Uis,  in  making  the  experiment,  obtained  a  result  very 
nearly  corresponding  with  that  obtained  by  Cniickshank  ; 
the  volume  of  carbonic  acid  gas  produced  being  nearly  e- 
qual  to  that  of  oxygen  gas  consumed :  a  small  diminution 
was  perceived,  not  exceeding  one- tenth  of  the  volume  of 
oxygen  consumed,  and  not  greater,  therefore,  than  what 
he  supposes  might  be  ascribed  to  the  slight  condensation 
oxygen  experiences  in  its  combination  with  carbon  ||. 

The  fact,  then,  established  by  these  experiments,  that 
the  quantity  of  carbonic  acid  gas  produced  in  germination 


♦   Rcchcrchcs,  5cc   p.  4. 
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■ndi  with  the  quantity  of  oxygen  gas  whkh  is  con- 
iDiaetlt  leads  to  th«  coiiclusiot),  thai  in  tliiaproccfiSQO  part 
oi  the  oxygen  which  disappears  is  absorbed  hj  the  duller 
of  the  seed,  or  eaiers  into  combinatiou  with  any  of  its  prin- 
ciples, but  that  it  merely  abstrias  carbonactons  mattCTi  so 
1*  to  be  converted  into  caiboiiic  add. 

Some  cbemiits,  however,  hare  been  disposed  to  con- 
dude,  not  only  that  caibon  is  abstracted  frorn  the  seed  in 
germinBtton,  but  that  a  portion  of  ojygen  enters  into  com- 
biiutton  with  in  remaining  eieraents,  so  ai  to  form  thesnc- 
charine  matter  which  is  the  product  of  that  process.  Thus, 
Ml  Cruickshanlci  from  considering  that  carbonic  acid  it 
cvolted  from  moistened  seeds  when  oxygen  is  not  present, 
at  when  they  are  placed  in  nitrogen  gas, — a  fact  ascertain- 
ed by  hi«  own  espetiments,  and  since  by  those  of  Hubsr  *, 
—supposed,  that  the  formaiion  of  this  acid  is  owing  to  the 
decimpoaitiofi  of  the  water,  the  oxy^'en  of  which  combines 
villi  carlMii  from  the  seed  ;  that  therefore,  in  germtnntion, 
iheeamechangeft  wilt  happen;  and  that  thcquantity  of  oxy- 
gen which  disappears  is  in  part  absorbed,  and  cnteTS,  with 
ptrfaapi  a  proportion  of  hydrogen  from  the  water,  into  the 
compoahion  of  die  saccharine  matter  formed  in  this  process. 
This  reasoning,  however,  is  not  very  conclusive;  for  admit- 
ting  iliAi  water  is  decomposed  by  humid  seeds,  when  oxy- 
gen it  exduded,  ii  does  not  follow,  that  this  will  happen 
wlwn  oxygen  is  present,  and  exerting  its  chemical  alEniiies. 

'Ri«t  in  germination  the  matter  of  the  seed  not  only 


•  M''fl»ire»,  Stc.  p.  170-  175.  He  farther  ascertained,  that 
■hen  teedi  «ie  placed  in  hydtogi-n  gas,  a  portion  of  c^rbui.t- 
(cd  hydrogen  ti  formed. 
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suffers  an  abstraction  of  carbon,  but  receives  an  accession 
of  oxjrgen,  may,  however,  be  inferred  with  some  probabi- 
lity from  the  chemical  composition  of  sugar,  the  substance 
which  is  formed  during  this  process.  It  contains  a  large 
proportion  of  oxygen,  not  less,  according  to  Lavoisier's  es^ 
timate,  than  64  in  100  parts;  and  this  large  proportion 
can  scarcely  be  supposed  to  arise  merely  from  the  increase 
in  the  relative  quantity  of  this  principle,  from  the  abstracf- 
don  of  part  of  the  carbon  of  the  fecula  of  the  seed. 

The  question,  whether,  besides  the  abstraction  of  car- 
bon which  takes  place  in  germination,  there  is  an  addition 
of  oxygen  to  the  matter  of  the  seed,  might  be  determined, 
by  ascertaining  whether  seeds  which  have  germinated  lose 
weighty  and  whether  this  loss  is  exactly  equal  to  the  quan*- 
tity  of  carbon  which  has  been  abstracted,  estimating  this 
'  from  the  quantity  of  carbonic  acid  produced.  The  deter- 
mination of  this,  however,  is  difficult )  for,  during  germi* 
nation^  seeds  always  exhale  part  of  the  water  with  which 
they  have  been  moistened  \  and  it  is  difficult  to  estimate 
the  loss  of  weight  they  sustain  from  this  cause,  and  which 
must  modify  what  they  may  lose  or  gain  from  the  other 
chemical  changes  connected  with  the  process.  Saussure 
states,  that  a  seed,  brought  after  geimination  to  the  same 
state  of  dryness  as  before  that  process,  not  only  always 
weighed  less,  but  the  diminution  of  weight  was  even  great- 
Wt  than  could  be  accounted  for  by  the  carbon  abstracted 
during  the  germination,  and  the  small  quantity  of  mucil- 
age that  might  be  dissolved  by  the  water  in  which  the  seeds 
had  been  macerated.  Thus,  he  placed  a  number  of  peas, 
weighing  200  grains,  over  mercury,  with  five  times  their 
wci^iu  of  distilled  water,  in  a  jar  filled  with  atmospheric 
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ilr.  Ttiey  germinated  ;  and,  afthe  end  of  two  days,  44 
tubic  inches  of  cirbonic  acid  were  formed,  containiug,  ac- 
toriing  to'Lavoisiet'fl  estimate  of  the  composition  of  car- 
bonic Kici,  0.8  J  grains  of  carbon  ;  the  water  in  which  they 
bid  germinated  had  dissolved  a  little  extractive  or  mucil- 
igtnout  matter,  which  by  evaporation  was  found  to  amount 
to  0.75  grains.  The  seeds,  in  drying,  still  continued  to 
(ottn  carbonic  acid,  in  quantity  rather  less,  as  appeared  to 
SiUMure,  than  what  was  formed  at  the  same  temperature, 
inil  during  (he  same  time,  in  germination.  Assuming  it* 
))owem,  to  be  the  same,  the  seeds  having  required  two 
<l>y>  to  dry,  it  followed,  that  in  that  time  they  must  have 
htmti  other  4^  cubic  inchcsof  carbonic  acid,  or  lost  0.85 
gnina  of  carbon.  The  total  loss,  therefore,  by  abstraction 
D^atbon  and  mucilage  from  the  seed,  amounted  to  2.45 
|i  piins;  and  when  brought,  after  the  germination,  totheir 
sriginil  state  of  dryness,  chey  ought  just  to  have  been  this 
inuch  lees  in  weight,  or  have  weighed  197.5  grains,  had 
'tie  chinge  they  suffered  consisted  merely  in  the  abslrac- 
lam  of  carbon  )  whjle,  had  they  received  oxygen  from  the 
*iteT,  the  loss  must  have  been  less,  or  theie  might  have 
(*ai  beeR)  on  the  whole,  an  increase  of  weight.  Saussure 
footii,  however,  that  they  weighed  only  189  grains,  or  1 1 
paini  less  than  tliey  did  in  their  original  state  ■.  Now, 
I  "■'*  result  renders  the  whole  experiment  doubtful ;  for 
"DCe  the  loss  of  weight  amounts  to  8.5  grains  more  than 
I  *uu  can  be  accounted  for  by  the  qu.intity  of  matter  as- 
^^^^Kned  to  have  been  abstracted,  it  proves,  either  that 
^^^^■Kperimeui  had  bcea  inaccurate,  or  that  a  quantity  of 


•  Recherche.' I 
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w%t/ff  kicl  been  dtsftipaled,  an^  diat  tic  8ce«b  had  aot  re* 
tawrd  the  same  qvontttj  after  gensMoadoii  iriik&  they  had 
ctetamed  before.  Sai0S«re  S!iftppo8e%  that,  during  the 
drpng,  part  of  the  ootjrgen  and  hydrogen  of  the  seed  had 
coofihmed  to  fbraa  water>  vhirh  had  eshakd.  Whethee 
due  he  admkicd  or  not,  the  result  is  such,  that  aa  certaia 
conchiakin  can  be  drawn  from  it. 

Theexperimentf  to  determine,  \riiethef  sceda  bar  weight 
hf  lermbatkm,  had  been  befiMre  made  by  Mr  Googh^  ia 
a  manner  less  liaUe  to  fallacjr.  He  placxd  7  4nchms  2ft 
graki&  of  steeped  peas  in  a  (dualythe  month  of  whkk  was 
covered  with  a  piece  of  ckan  giass^  intended  to  condenso 
the  vapottf  that  m%ht  arise  from  them»  while  the  free  ao« 
cese  of  air  waa  not  preireHted :  at  the  end  of  one  hnndcad 
and  twenty  heux^  the  peas  were  found  to  be  vegetating 
freely  ;  and  on  weighing  the  wfaole^  and  making  tile  ne* 
cesf  ary  deductions'  for  the  bottle  and  gbss,  they  were  ex^ 
actly  their  original  weight  *.  It  can  scarcely  be  imagined, 
that,  in  this  mode  of  making  the  experiment,  the*€arbonsc 
add  into  which  the  oxygen  of  the  air  wooid  be  converted 
by  germination^  would  remain  in  the  phial :  it  must  ha.ve 
been  gradually  removed,  and  its  pkice  supplied  by  atmo» 
spheric  air;  and  hence  the  experiment  appears  to  establish, 
as  Mr  Gough  stated,  that  the  germination  of  seeds  is  at* 
tended  with  little,  if  any,  diminution  of  weight,  it  might 
even  warrant  the  conclusion,  that  there  is  9^  actaal  in- 
crease of  weight ;  for,  in  this  imperfect  method  of  dosing 
the  phial,  a  portion  of  the  watery  vapour  exhaled  by  the 
germinating  seed  must  have  escaped. 


*  Manchester  Memoirs,  vol.  tv.  p.  316. 
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Mr  Gough  obseiredi  that  when,  in  the  course  of  the  ex> 
pthmeot,  he  withdrew  the  air  frequently  frocn  the  phial,  bf 
{  It  through  a  syphon,  there  was  a  considerable  cli* 
a  of  weightt  not  lets  than  2  drachms  S  grains  when 
I  ounce  3  drachms  of  steeped  barley  were  operated  on  i 
eviff;,  probably,  as  he  remarks,  to  the  watery  vapour  arl> 
ting  from  the  germinating  seeds  having  been  withdrawn. 
The  subject  requires  farther  inveEtigation  i  or  it  is  still 
muwfaat  uncertain,  whether,  ia  germination,  beside* 
the  ibttraction  of  carbon  by  the  action  of  the  oxygen  of 
:he  air,  there  is  a  decomposition  of  4  portion  of  the  wa- 
Kt,  ind  an  aiidition,  from  this  decoro  posit  ion,  of  oxygen 
ind  hydrogen  to  the  matter  of  the  seed. 

Ta  bvoor  (he  chemical  changes  which  constitnte  this 
pnats,  certain  circumstances  are  necessary.  A  due  de- 
perof  kumidity  is  essential,  seeds  which  are  dry  oot  ger- 
nBUing,  It  probably  operates,  by  favouring  the  condca- 
■MitP&of  the  oxygen,  and  its  approximation  to  the  matter 
•I  the  teed.  Though  the  dry  seed  may  be  pervious  to 
■Bf  daitic  fluid,  the  elasticity  of  the  oxygen  in  its  aerial 
fotmwill  counteract  the  afliniiy  it  would  exert  to  the  cu- 
^•.  but  when  the  seed  is  moistened,  the  water  expand- 
■"S  the  dry  subsUnce,  and  condensing  a  minute  propor- 
''W  of  the  oxygen,  will  approximate  it  to  the  matter  of  the 
x*^  and  thus  favour  its  combination  with  the  principle 
'^  vhich  il  exerts  t}ie  most  powerful  aOinity  -,  while  tlie 
'^'^oaic  Kid  formed  from  this  combin.ii'ion  will  assume 
Inc  elwtic  fom.  We  accordingly  find,  that  in  every  case, 
l^  iction  of  oxygen  on  vegetable  matter  is  favoured  by 
■W  nutter  bong  in  a.  humid  stale.  Some  chemists  have 
'"uidfrtd  the  cTolutioit  of  the  carbon  as  the  first  action 
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that  takes  place  in  germtnationi  and  that  its  combination 
with  the  oxygen  gas  is  posterior  to  this  evolutionf  and  is 
not,  therefore,  strictly  essential  to  germination,  bat  b 
rather  a  coniiiequence  of  it.  For  this  opinion  there  seems 
to  be  no  grounds  :  the  action  of  the  ox  jgen  appears  to  bt- 
the  eflicieot  cause  of  the  abstraction  of  the  carbon;  the 
chemical  affinity  between  them  causing  their  combinatiODy 
leaTiog  the  other  elements  in  that  proportion  and  condition 
which  produce  saccharine  matter,  while  the  circumstances 
which  favour  these  combinations,  particularly  heat  and 
laoisture,  equally  favour  the  evolution- of  the  germ* 

A  certain  temperature  is  essential  to  germination.  If  it 
be  below  the  freezing  point  of  water,  no  seads  vegetate  | 
and  the  greater  number  require  a  temperature  considerably 
iMgher.  This  is  conspicuous  in  the  germination  of  seeds 
commenciog  and  proceeding  with  rapidity,  when  the  genial 
temperature  of  the  spring  succeeds  the  winter's  cold  v  and 
likewise  in  the  seeds  of  many  plants  not  germinating  in 
cold,  as  they  do  in  warm  climates.  The  heat  probably 
both  excites  the  vital  powers  of  the  germ,  and  favours  the 
chemical  changes  of  the  seed. 

Light,  too,  has  an  important  influence  in  gennination, 
not,  however,  in  forwarding,  but  rather  in  retarding  it. 
it  has  been  long  known,  that  in  the  process  of  malting, 
which  is  nothing  more  than  germination  conducted  with 
a  particular  view,  the  admission  of  light  is  hurtful ;  and 
hence  it  is  alwkiys  conducted  in  darkened  apartments ;  and 
it  has  been  repeatedly  ascertained,  by  direct  experiment, 
that  germination  is  impeded  by  light.  Ingenhousz  remark* 
ed,  that  seeds  exposed  to  the  solar  light  either  do  not  ger- 
mlcate,  but  die,  or,  if  ih<»y  germinate,  the  plants  are  ex- 
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J  veiHc  *.  It  his  been  imagined,  that  the  light  o- 
ptntes  caete]j  from  the  temperature  it  excites  diselpating 
ibe  moiacufe ;  but  any  effect  of  this  Icint),  eiLcept  from  the 
JiiKt  action  of  the  solar  nja,  must  be  trivial.  As  light, 
by  iti  chemical  agency,  is  always  an  antagonist  to  the  com- 
biucion  of  oxygen,  ami  as  this  combination,  with  the  car- 
bon of  ilie  seed,  is  necessary  to  germination,  it  is  probably 
to  thi)  operation  that  the  influence  it  has  on  the  process 
il  n  be  ascribed. 

if  the  dietnical  changes  which  occur  in  germination,  the 
ftCDla  of  the  seed  is  converted  into  saccharine  matter.  Its 
tute  becomes  (]uite  sweet ;  and  it  affords  a  portion  of 
Mpr,  on  maceration  in  water.  This  saccharine  matter 
,  iffnn  to  serve  as  nourishment  to  the  infant  plant  i  for, 
being  solable  in  water,  which  the  fecula  >s  not,  it  is  capa- 
bi«,  in  this  state  of  solution,  of  being  absorbed  by  the  re&- 
Kliof  the  radicle,  which  begin  now  to  expand,  and  which 
nmify  through  the  sul>stance  of  the  seed ;  and  thus,  in 
ibi  first  suge  of  its  growth,  the  plant  has  a  supply  of  nu- 
Dilions  matter,  independent  of  any  external  source.  Me 
Gosgh,  who  stated  this  view  of  the  operation  of  gerratna- 
tisa  in  contributing  to  the  growth  of  the  plant,  observefi 
ibK  it  is  confirmed  by  some  experiments  made  by  Mal- 
f^,  in  wluch,  when  the  germs  of  seeds  were  abstracted 
inta  die  seed  lobei,  and  planted  in  the  earth,  very  few  of 
ibon  grew,  and  those  that  did,  grew  very  imperfectly. 
T^U  eiperiment  was  also  performed  by  Bonnet.  The 
i**d  liming  been  pr&Tiousiy  softened,  by  being  kept  humid 


*   rjounial  de  Physique,  i.  zsviii.  p.  90. 
I  ExHrienoei  lur  lei  Vegctaux,  torn.  it. 
Vol.  IV.  E 
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for  a  few  days,  he  cut  the  two  bundles  of  'fibres  whidi 
connect  the  germ  with  the  seed-lobes )  he  planted  the 
germ  in  a  quantity  of  garden  earth>  which  was  frequently 
supplied  with  water  :  they  emitted  the  radiciey  and  eren 
at  length  the  leaves  ;  but  the  plants  were  so  diminutivei 
that  they  could  scarcely  have  been  recognised,  and  they 
soon  died  *' 

From  the  nature  o(  the  changes  which  thus  proceed  in 
germination,  and  which  are  absolutely  indispensable,  as 
preliminary  to  vegetation,  we  can  assign  the  theory  of 
those  operations  on  the  soil  which  constitute  some  of  the 
principal  practices  of  agriculture.  When  the  ground  is 
ploughed,  its  cohesion  is  broken  ;  it  is  divided  into  loose^ 
particles  ;  and  hence,  when  the  seed  is  sown,  it  is  placed 
in  the  nrast  favourable  situation  for  vegetation  :  it  is  sup- 
plied with  moisture,  without  being  immersed  in  water :  its 
temperature  is  in  some  measure  kept  uniform  :  the  opera* 
tion  of  light  is  at  least  partially  excluded  ;  and  from  the 
looseness  of  the  earth  that  covers  it,  the  atmospheric  air 
finds  ready  access  to  it,  and  thus  promotes  the  germina- 
tion and  commencing  vegetation.  Wlien  the  fibres  of  the 
root  expand,  they  meet  with  little  resistance,  and  are  equal- 
ly supplied  with  water  and  air. 

When  germination  has  been  accomplished,  and  a  source 
of  nutritious  matter  supplied,  capable  of  being  absorbed 
by  the  embryo  plant,  its  structure  begins  to  be  developed, 
and  its  living  functions  to  commence.  The  radicle  first 
extends,  penetrates  the  soil,  and  increases  in  length  ;  not, 
however,  by  the  mere  extension  of  its  fibres  and  vessels, 


•  Bonnet  siir  PUsagc  dcs  Feuilici,  p.  239. 


OF  VEGETABLES.  C? 

ttij  new  parts  added  to  its  apex.  'lie  nutritious  fluid 
ftDtn  ihe  cotyledons  being  conveyed  to  the  radicle,  and 
fsiming  these  pariE.  In  a  shoit  time,  the  part  of  the  geim 
rained  the  plumula  likewise  extends,  and  rises  from  the 
ground  to  form  the  stem ;  and  these  directions  of  these 
putt  take  place  in  whatever  position  the  seed  has  been 
pliced.  Tlie  diiTerem  parts  are  now  successively  unfold- 
(d,  according  to  the  nature  and  structure  of  the  plant. 

Its  nourishment,  after  this  first  stage  of  its  growth,  is  to 
b«  ilerivcd  from  without.  This  nutritious  matter  is  re- 
ctitcd  principally  from  the  soil  and  from  the  surrounding 
lit  i  ind  the  first  object  of  inquiry  in  the  investigation  of 
tlic  theory  of  vegetation,  is  the  relation  subsisting  between 
thnc  md  tiic  growing  plant. 

Bf  hi  the  greater  number  of  vegetables  arise  from  the 
nnli,  and  receive  from  it  a  large  share  of  their  nourish* 
nnt-  Ix  was  at  one  time  very  genemlly  imagined,  that 
&t  soil  itself  a0brded  them  the  principal  nourishment : 
it  coniaioedi  according  to  the  received  opinion,  certaiit 
uln,  oils,  and  earths :  these,  it  was  supposed,  were  absorb- 
ti,  and  formed  the  principal  part  of  the  vegetable  matter. 

There  were  always,  however,  some  objections  to  this 
■iKory,  and  some  facts  known,  particuhrly  relating  to  the 
■AJntncc  of  water  in  promoting  vegetation,  which  led  to 
iilillercnt  view.  And  when  chemistry  had  advanced  so 
itUio  accomplish  the  vegetable  analysis  with  some  de- 
fwof  accuracy,  it  was  discovered,  that  the  solid  sub- 
tOneeof  plants,  as  well  as  their  various  products,  are  com- 
ptnd  of  principles  very  different  from  those  contained  in 
tbtHil. 

It  »u  nifficiently  known,  that  many  vegetables  flourijh 
£2 
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and  inclose  in  bulk  when  8uppfied  wkh  water  alone; 
and  it  had  likewise  been  often  aicertained,  tb^'if  a  j^Iant 
be  made  to  grow  in  a  known  quantity  of  earth,  the  earth 
after  a  certain  period,  during  which  the  plant  may  have 
increiased  greatly  in  bo^k,  is  found  to  have  lost  Itttk  of  iu 
weight.  The  celebrated  experiment  by  Van  Helmont, 
appears  Efficiently  to  establish  this  foct.  He  planted  a 
willow  wdghi^g  5  libs,  in  an  earthen  vessel  fiUed  with 
dried' e^tth,  which  had  been  carefully  weighed.  The  pot 
was  Suftk  tn'the  earth,  coveted  with  a  plate  of  lead,  and 
rain-M^ter  was  occasionally  conveyed  to  it  throng  a  tobe 
of  lead,  which  passed  through  the  cover.  At  the  end  of 
five  yeirt,  on  removing  the  tree,  it  weighed  169  libs., 
while  the  earth  in  which  it  had  been  planted,  on  being 
dried  and  weighed,  was  found  to  have  lost  only  9  ounces 
of  its  original  weight.  A  similar  experiment  was  made 
by  Mr  Boyle.  The  seed  of  a  gourd  was  put  into  earth  in 
a  pot,  and  supplied  with  water ;  the  plant  which  grew 
from  It,  in  the  course  of  a  few  months,  weighed  ^i  libs., 
yet  the  earth  had  not  lost  sensibly  in  weight  ♦.  These 
experiments  have  been  repeated  ahd  diversified  by  modem 
chemists.  Duhamel  caused  plants  to  grow,  by  supplying 
them  merely  with  water,  and  they  flourished  sufficiently 
well  f.  Tillct  found,  that  wlicat  and  other  grains  grew 
in  river  sand,  in  pounded  quartz,  or  in  mixtures  of  silex, 
argil,  and  lime :  they  produced  seeds,  which  sown  again 
produced  new  plants,  and  this  for  three  successive  years  J. 


♦  Boylc'8  Works,  vol.  i.  p.  494,  495. 

f  Moxnoires  dc  I' Acad,  des  Sciences,  174H, 
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fioonet  found,  that  plants  supported  on  moss,  cotton,  or 
pjper,  grew  when  supplied  with  pure  water,  and  pioduceil 
&omtn  »aA  fruit  equal  to  wb^  they  produced  when  grow- 
ing io  the  6oi].  Mr  HoiTman  inclosed  sprigs  of  the  Men- 
ib  cn^ia  in  phi^s  filled  with  distilled  u-ater,  securing  the 
Boothi  of  the  pliials  by  a  cement  of  wax.  The  sprigs  in 
tbis  liuulion  coutinued  lo  grow,  oew  rooti  and  branches 
vere  fanned,  until  the  whole  cf  the  water  had  passed 
thtDugh  the  plants-,  attd  on  weighing  them  ibey  were 
found  10  hare  gained  considerably  in  weight  *,  Uoylc  had 
bcEoteoude  this  eKperimenc,  and  had  found,  that  iu  less 
tlun  a  moDtb  a  sprig  of  mint  growing  in  distilled  rain- 
nut,  increased  to  nearly  four  times  its  original  weight  f . 
Bnooimoc  has  more  lately  made  a  series  of  similar  expe- 
nnmti,  and  found,  that  pbitis  grow  perfectly  well  when 
'Heir  Kcds  are  sown  in  litharge,  in  sulphur,  and  in  washed 
aul,  an  being  supplied  merely  with  water  and  atmosphe- 
uiii|. 

Iihisalso  been  justly  observed,  that  parasitic  plants,  and 
tiimt  which  are  attached  to  stones  and  rocks,  can  derive 
Boitt  of  [heir  nourisbmem  but  from  water  and  air, 

Thcie  facts  appear  to  authorise  the  conclusion,  that  air 
Mid  titer  furoisb  the  principal  pan  of  the  food  of  vege- 
U^i  and  that  many  can  live  and  grow  on  these  alone. 

Pievimu  to  the  discovery  of  the  composition  of  water, 
■tniriifficalt  10  conceive  how  it  could  be  converted  in- 
*Mfceiiilid  matter  of  plants.    Much  of  that  maner  indeed, 


"  Voo  V*l*r  an  Manu,  p.  100. 
t  Sojrie't  Works,  voL  i.  p.  621. 
I  Nicholson's  Journal,  vol,  xviii.  p.  ]?. 
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as  well  as  of  the  rarious  vegetable  products^  consists  of 
water  ^  but  it  contains  also  other  elements  with  whidi 
this  water  is  combined)  and  which  must  even  bear  a  cer- 
tain proportion  to  it.  The  discovery  of  the  composition 
of  water  in  a  great  measure  solved  these  difficulties*;  for 
as  oxygen  and  hydrogen  are  the  principal  constituent  ele- 
ments of  vegetable  matter^  it  was  obvious,  that  they  might 
be  derived  from  this  source. 

That  water  is  decomposed  in  the  process  of  vegetation^ 
appears  to  follow  from  the  fact  already  stated,  as  establish- 
ed by  the  experiments  of  Ingenhousz  and  others,  that  when 
the  leaves  of  vegetables  are  exposed  to  light,  in'  contact 
with  pure  water  only,  theyafibrd  oxygen  gas,  and  that  diis 
is  connected  with  the  action  of  the  vessels  of  the  leaf.  It 
has  appeared  indeed,  from  the  researches  of  Sennebier  and 
Woodhouse,  that  the  production  of  oxygen  in  this  experi- 
ment, is  considerably  dependent  on  the  quantity  of  carbo- 
nic acid  contained  in  the  water,  or  that  at  least  by  increa- 
sing the  quantity  of  this  acid  a  larger  quantity  of  oxygen 
is  evolved.  It  cannot,  however,  depend  solely  on  this  i  on 
the  contrary,  the  water  itself  undoubtedly  suffers  decom- 
position, and  is'  the  source,  in  part  at  least,  of  the  oxygen. 
This  is  evident  from  the  fact,  that  the  portion  of  carbonic 
acid  in  common  water  is  so  inconsiderable  as  not  to  hc  ap- 
preciable ;  yet  leaves  exposed,  immersed  in  such  water,  to 
solar  light,  afford  oxygen.  Ingenhousz  found  also,  that 
though  in  boiled  or  distilled  water  the  quantity  emitted  was 
less  than  in  spring  water,  yet  still  a  certain  portion  was  e- 
volved  i  and  the  apparent  difference  in  the  proportion  was 
in  part  owing  to  the  boiled  water  absorbing  a  ponion  of 


OF  VEGETABLES, 


71 


[tie  air  emitted  *.  This  aii  was  also  purer  otygen  than 
tilt  irrfrom  spring  water,  and  this  has  been  also  very  clear- 
ly CiUblished  by  an  experiment  made  by  Mr  Davy.  He 
SSU  a  glass  cylituler  uf  the  capacity  of  ten  cubic  inches, 
vith  mercury.  Two  small  vine  leaves  were  introduced 
through  the  mercuryt  so  as  to  detach  all  atmospheric  ui 
ftom  them.  The  mercurial  apparatus  was  inserted  in  3 
trael  of  cold  water.  Aqueous  vapour  was  passed  from  a 
nuel  containing  water  which  had  been  long  in  ebullition, 
ilnough  a  tube  into  the  cylinder,  where  it  was  condensed, 
bf  the  cold  mercury,  and  thus  the  cylinder  was  filled  with 
nttr  which  held  no  air  in  solution.  It  was  then  exposed 
taUght.  In  a  very  short  time  air  globules  began  to  form 
on  the  leaves,  and  in  about  six  hours  two  cubic  inches  and 
a  half  were  collected,  which  proved  to  be  nearly  pure  oxy- 
gen t-  In  this  experiment,  it  is  evident,  that  the  oxygen 
could  have  been  derived  »nly  from  the  decomposition  of 
the  water  ;  and  the  results  of  these  experiments,  added  to 
the  consideration,  that,  from  no  other  source  than  from  the 
Htcom  posit  ion  of  water,  can  the  origin  of  the  hydrogen 
coDiuiied  in  plants  which  grow  when  supplied  w  ith  water 
and  lir  atone,  be  derived,  afford  sutlicient  proof,  that  wa- 
M  ii  decomposed  in  the  process  of  vegetation. 

A  due  supply  of  air  appears  to  be  equally  uecessary  to 
t^gTDwthof  plants;  but  its  agency  in  promoting  thepro- 
Mt  It  not  equally  obvious.  It  has  generally  been  believed, 
liMvteT,  to  operate  principally  by  afibrding  carbonic  acid, 
vhicb  tbe  vegetable  absorbs^  and  the  decon^Gilion  of 


t  Plulocoplucal  Trangactiona,  vol.  Ixsii.  p.  '. 
\  Beddoes's  Medical  Coot  rib  utiong,  p.  159. 
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which  is  the  source  of  the  carbon  of  vegetable  matter  ;  and 
indeed,  in  plants  which  grow  when  supplied  only  with  air 
and  water,  there  is  no  otlier  obrious  source  whence  the 
carbon  of  their  products  can  be  derived.  It  has  accord- 
ingly been  supposed  to  be  established  by  direct  proof ;  a 
nufnber  of  experiments  already  related,  having  been  made 
by  Sennebter,  Saussure  and  others,  in  which  it  was  found, 
that  in  an  atmosphere  composed  partly  of  carbonic  acid, 
the  leaves  of  plants  absorb  and  decompose  a  portion  of  it. 
Saussure  too  found,  that  plants  growing  in  pure  water, 
and  in  atmospheric  air  not  deprived  of  the  small  portion  of 
carbonic  acid  which  it  naturally  contains,  increase  their 
quantity  of  carbon,  which  they  do  not  do  if  the  carbonic 
acid  has  been  previously  abstracted,  as  has  been  already 
stated.  All  this,  however,  is  rendered  doubtful,  by  the  un- 
certainty of  our  knowledge  of  the  real  changes  which  plants 
produce  in  ihc  atmosphere;  for  if,  (unless  when  exposed 
to  aoUr  light,]  they  consume  oxygen  and  exhale  carbonic 
acid,  this  view  cannot  be  adopted ;  and  we  have  even,  as 
has  been  already  remarked,  the  additional  difficulty  of  ac- 
counting for  the  source  of  the  carbon  contained  in  the  car- 
bonic acid  they  expire. 

The  influence  of  the  other  constituent  principles  of  the 
atmospheric  air  in  promoting  natural  vegetation,  is  lest 
clearly  established.  That  of  the  nitrogen  of  the  atmosphere 
appears  to  be  negative  ;  that  of  the  oxygen  from  the  pre- 
ceding statement,  it  mast  be  obvious,  is  more  doubtful, 
and  mutt  remain  so  until  it  be  determined  which  is  the  na- 
tural function  of  vegetables  connected  with  their  growth,— 
whether  the  consumption  of  oxygen  and  formation  of  car- 
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lioflue  Mid,  or  the  dccoDiposmon  of  cwbonic  acid  and  svo- 
lukxi  of  nygeo. 

Whichever  of  these  changes  is  produced  by  the  leave* 

of  planc$t  it  appears*  howeTer,  to  be  est^iblishcd,  thai;  the 

nygen  of  the  sir  is  absorbed  by  the  roots-     Eitperimentt 

bn  been  stued,  which  prove,  that  plants  grow  more  vi- 

gorODsIy  when  supplied  with  water  impregnated  with  cay- 

geA|  thin  when  common  water  is  used  *  }   and  the  feni- 

iittng  infloenCe  of  dew  has  been  ascribed  to  the  saturation 

of  die  wUer  with  the  oiygen  of  the  air  through  which  it  has 

iioiwij  descended.  T.  Saussure  found,  that  when  the  roots 

dE  pilots  were  exposed  to  carbonic  acid  gas,  to  nitFQgeni 

n  h|drogen  gasi  they  died  in  thirteen  or  fourteen  days, 

while,  when  exposed  to  atmospheric  air,  they  continued 

lo  flouriah.  Ue  found  also,  that  they  consume  the  oxygen 

of  the  ait  in  B  quantity  equal  to  their  own  voluiae,  and 

fotn  ctrbontc  acid-  When  the  roots  of  the  vegetable  were 

not  dtbdied,  but  remained  in  connection  with  the  stem 

nd  braacbes  which  were  placed  without  tlie  jar  in  which 

die  roots  were  confined  with  atmospheric  air^  they  absoib- 

*d  naoy  timet  their  volume  of  oxygen  gas,  which  appear' 

«d  to  be  conveyed  through  the  plant)  and  delivered  by  the 

'<»a  lo  the  eatemal  uir.    Saussure  concludes,  that  the 

*»«ii»Ct  of  oxygen  with  the  roots,  is  useful  to  vegetation. 

Uracil  many  plants  require  a  loose  soil,  and  are  more  vi- 

goiDos  when  their  roots  are  not  covered  with  too  much 

(uth  f.    0ut  whether  the  advantage  derived  from  oxygen 


:  *  Expernnntts  by  Sir  Francis  Ford,PIulasophical  Migazinr, 

nl.  i.  p.  109.  S». 
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were  unfolded ;  but  e^ren  this  growth,  was  uapeKfecC ;  the 
VMfjfM\on  sid valued  no.  £anber  than  thfs  produ/^tion  of  the 
flpwersx  without  the  seeds  being  fonped^  or  at  least  with- 
out their  coming  to  maturity  j  and  thiese  pUnU  when  dried 
and  analyiedi  afforded^  aa  he  slateSf^  rather  less  carbon  thaa 
was  contained  in  the  seed  or  bulb  from  ^I^^  they  had 
been  reared  *• 

Experiments  ^th  a  similar  result  hs^re  been  made  by 
T«  Saussvre.  He  endeavoured  to  bring  into  a  state  of  ve* 
getation  the  seeds  of  the  kidney-bean,  the  conumop  pea^ 
cresseSf  and  similar  plantSi  by  supporting  them  on  fine 
sandf  and  snpjplying  them  with  distill^  water.  They  fre- 
quently flowered|  l^ut  their  seeds  nerer  came  to  maturityf « 

Mr  Knight  has  also  obsenredi  that  bulbous  and  tuberose 
rooted  plants  contain  within  them  the  matter  which  serres 
for  the  derelopement  of  their  parts  ^  and  that  when  they 
grow  on  being  supplied  with  water^  the  water,  if  perfect- 
ly pure,  operates,  not  by  supplying  them  with  new  matter, 
but  only  by  dissolving  and  distributing  through  the  ex- 
panded plant,  the  matter  which  bad  been  contained  in  the 
root  %. 

To  the  experiment  of  Van  Helmont,  and  others  of  a  si- 
milar kind,  the  objection  has  been  made,  that  in  the  period 
requisite  to  the  growth  of  the  plant,  the  water  with  which 
it  had  been  supplied  must  have  conveyed  to  it  a  quantity 
of  foreign  matter.  Thus  Bergman  remarked,  that  even 
rain-water,  with  which  the  willow  in  Van  Ilelmont's  ex- 


*  AnnalM  de  Chimie,  torn.  xiii.  p.  185.  188. 
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bent  was  supplied,  contains  a  small  portion  of  eaithjr 
Ct,  which  by  the  constant  supply  would  accumulate  in 
iplint,  in  quantity  sufficient  to  afford  all  tlie  earth  it 
coniiined  at  the  termination  of  the  experiment  *.  And  ' 
Kirwin  afterwardB  remarked  another  source  of  fallacy,  that 
the  pot  containing  this  willow  being  earthen  and  of  course 
poroas,  and  being  placed  in  the  soil,  a  quantity  of  water 
from  the  soil,  and  conTeying  matrer  from  it,  must  have 
jwcolated  the  vessel,  and  been  absorbed  by  the  roots  of 
(be  tree  f.  A  similar  source  of  fallacy,  it  has  been  ob- 
«r»pd  by  Hassenfraiz,  existed  in  die  experiments  of  Til- 

kit. 

The  observations  and  experimeots  now  stated  may  pn>ve» 
ihit  plants  supplied  with  water  alone  will  not  grow.  They 
way  even  prove,  that  to  some  plants  the  supply  both  of 
^it  md  water  is  insuITicient,  and  that  these  are  incapable 
<'f  vegetating  properly,  wiihout  matter  derived  from  the 
kmI.  But  they  are  altogether  insufficient  to  render  this 
onclation  general,  or  to  invalidate  the  opppsiie  conclusion, 
tlut  vegetation  may  be  supported  by  air  and  water  alone, 
ud  that  many  plants  supplied  with  these  will  flourish,  and 
ioni)  their  peculiar  products. 

independent  of  the  particular  experiments  which  have 
^n  stated,  the  facts  which  establish  this  last  conclusion 
*n  DUmeroUH,  and  on  a  scale  which  scarcely  admits  of  any 
WUcy.  It  Can  scarcely  be  doubted  indeed,  when  we  con- 
"liCT  the  circumstances  connected  with  the  growth  of  a 


OpOKola  Phyaica,  vol.  i.  p.  92. 
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large  vegetable,  as  of  any  of  our  common  trees.  Their 
roots  extend  to  no  great  extent  or  depth  in  the  soil,  and 
that  soil  does  not  require  to  be  renewed,  or  to  receive  anjr 
supply  of  manure.  Nay,  frequently  the  situatioais  such, 
that  scarcely  any  manure  or  nutritious  matter  is  afibrded, 
ct  any  thing  but  a  support  by  which  the  plant  is  exposed 
to  the  air,  and  occasionally  supplied  with  water,  as  in  the 
example  of  those  trees  which  grow  from  the  crevices  of  a 
rock,  frequently  on  the  very  face  of  a  precipice.  Yet,  in 
all  these  situations,  the  growth  of  the  tree  advances,  its  so- 
lid matter  increases,  and,  in  many  of  them,  much  vegeta- 
ble matter  is  annually  lost  in  the  fruit,  or  the  fall  of  the 
foliage.  It  is  obvious,  that  the  portion  of  soil  with  which 
the  plant  can  be  supposed  to  communicate,  could  not  have 
originally  contained  the  matter  from  which  this  increase  is 
derived }  and  there  is  no  external  supply  but  from  the  at- 
mosphere, and  from  water.  We  are  reduced,  therefore, 
in  this  case,  to  the  conclusion,  that  the  carbon,  hydrogen, 
and  oxygen,  which  form  not  only  the  basis,  but  almost  the 
entire  substance  of  the  vegetable,  must  be  derived  from 
water  and  atmospheric  air. 

It  may  be  true,  that  in  the  experiment  of  Van  Helmont 
and  others  of  a  similar  nature,  a  small  portion  of  saline 
and  earthy  matter  may  be  conveyed  by  the  wa(ter  to  the 
plant ;  and  this  may  be  the  origin,  in  whole  or  in  part,  of 
the  saline  matter  which  it  would  contain  :  or,  as  Mr  Kir- 
wan  l]as  observed,  the  water  might  filtrate  from  the  soil 
through  the  vessel,  and  thus  convey  some  earthy  sub- 
stances, and  even  some  nutritious  matter,  to  the  plant. 
But  to  many  of  the  experiments,  this  objection  does  not, 
from  the  manner  in  which  they  were  performed,  apply,  as. 
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ie  of  Bonner,  Hoffman  and  Draconnot  j 
and  cen  in  the  experiment  of  Van  Helmont,  the  su^ 
pljr  of  nutritious  matter  by  infiltration  could  not  be  con- 
liderjblc  i  it  must  hire  existed  in  limited  quantity  in  the 
Mil  ilielf ;  and  the  communication  could  not  have  been 
M  etieniive,  as  to  have  afforded  from  this  source  alt  the 
principles  which  formed  the  substance  of  the  plant)  and 
•hich  increased  it  from  five  to  one  hundred  and  sixty- 
cine  (wiuids  in  weight. 

Lastly,  the  experiments  of  Saussure  already  referred  to 
(p)g«'12.}afe  conclusive,  in  opposition  to  those  of  Hassen- 
intx,  in  proving,  that  plants  acquire  an  augmentation  of 
ftgetabJe  matter,  when  supplied  with  air  and  water  alone. 
If  the  atmospheric  air,  indeed,  were  encluded,  or  rather, 
>>  ihetmall  portion  of  carbonic  acid  which  it  naturally  con- 
■linswere  removed,  by  washing  with  lime-water,  the  ve- 
getable!, as  already  slated,  merely  expanded,  without  any 
'cil  addition  of  vegetable  matter  ;  but,  when  supplied  with 
o^ef,  and  with  atmospheric  air  in  its  natural  state,  and 
fuilf  exposed  to  light,  the  proportion  of  vegetable  matter 
■ncrrascd  with  the  enlargement  of  bulk.  The  opposite  re- 
wlti  obtained  by  Hassenfraiz  were  probably  owing  to  the 
ptims  not  having  been  sufficiently  exposed  to  light  i  fori 
Ki  this  case,  Saussure  found,  that  the  proportion  of  carbon 
"  even  rather  diminished  than  increased. 

n«  two  series  of  facts  on  this  subject  which  appear  op- 
poied  to  each  other,— the  one  proving,  that  many  vege- 
Bblei  will  grow  when  applied  with  air  and  water  alone, 
*-(hc  other  equally  proving,  that,  in  such  a  situation,  the 
gtowth  is  imperfect,  and  is  little  more  than  an  expansion 
^^thtit  solid  matter,  may  perhaps  be  reconciled,  by  con- 
fdering  vegclalion  under  the  following  point  of  view. 
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In  plants  wliich  expand  rapidly,  as  in  diose  vhidi  were 
ffae  subjeas  of  the  experiments  of  HuseTifntt,  or  of  (be 
obtervations  of  Kiiiglit,  the  contact  of  a  rich  soil  may  be 
necessary  to  bring  them  to  perfection.  The  developemcM 
of  (heir  p3Tt9  may  so  far  exceed  the  slow  supply  of  pritK 
ciples  which  they  can  assimilate  from  water  and  atmo^ 
pheric  air,  that  they  will  decay  before  their  vegetation  has 
bem  completed.  But  this  only  proves,  that,  from  the  p^ 
culiar  nature  of  these  plants,  the  expansion  of  their  parts 
lyifi  been  more  npid  than  the  supply  of  nutritious  maner, 
ut)d«r  such  circum<)tances,  can  suppoti ;  while,  in  others, 
the  growth  of  which  is  more  slow  and  gradual,  it  does  not 
/ollow  but  that  a  sufficient  supply  of  nourishment  nay  be 
derived  from  these  alone. 

In  vegetables  of  tliis  ]a»t  description,  under  which  are 
probably  to  be  classed  all  the  larger  plants,  a  due  propor- 
tion in  the  supply  (^  water  and  of  air  will  no  doubt  be  re- 
quired. Water  alone  can  furnish  otily  oxygen  and  hydro- 
gen, and  rhese,  without  a  due  proportion  of  carbon,  as 
SauBsure  has  justly  remarked,  cannot  be  accumulated  in 
the  plant  i  and,  for  the  same  reason,  an  excess  of  carbonic 
Bcid)  or  any  other  substance  affording  carbon,  may  not  be 
cf  any  atility,  as  it  must  equally  be  incapable  of  being  at> 
limilaied  without  the  necestarjr  proportions  of  the  otlier 
two  elements.  In  those  plants  which  grow  slowly,  the 
growth  will  probably  adapt  itself,  in  establishing  these  pro- 
portions, to  the  quantities  of  each  which  are  afforded  to 
it ;  and,  from  the  general  facts  connected  with  thek 
growth,  there  can  be  little  doubt,  that  air  and  water  afford  ' 
the  dements  whence  their  products  are  formed. 

It  is  equally  iruci  however,  that,  in  many  vegetabtct, 
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>H«e  are  intulBcient,  and  a  direct  supply  of  more  nutri- 
lioiii  BUIier  is  indispensable  to  their  proper  growtli.  This 
iiprofed  bj  the  most  familiar  facts  in  agriculture.  Many 
vcgnablet  will  flourish  only  in  certain  soils.  Those  which 
tr^te  a  rich  toil  *egetaie  feebly  in  a  poorer,  and  they  al- 
wiyi  tilnUBt  that  in  which  they  grow,  so  that  it  requires 
:9  be  renewed  by  certain  additions. 

la  conformity  to  die  view  of  vegetation  which  I  have 
juu  given,  it  follows,  that  those  plants  which  grow  rapid- 
tj  man  be  those  that  will  thus  require  the  most  nutritious 
uH;  and  tliat  of  such  as  grow  more  slowly,  those  will 
nxKi  require  it  which  give  the  largest  produce  of  seeds  or 
6uit,  compared  with  the  plant  when  these  begin  to  be 
ffltMri.  Hencc,  those  plants  which  are  cultivated  for  the 
nKuiinent  of  animals,  are  of  all  others  those  which  re- 
7^  tbe  most  nutritious  soil  i  and  the  proportion  of  their 
fndlKtt  is  at  least  wittiin  some  limits  proportioned  to  it. 
Uilintemting,  and  intimately  connected  with  the  theoiy 
(ff^ttuion,  to  trace  the  operation  of  the  substances  from 
^iHA  ^se  results  arc  obtained. 

tteonnei  which  is  tlius  required  by  many  vegetables 
IV  table  them  to  grow  and  form  their  various  products, 
"Hut  be  such  as  contains  the  elements  of  these  products, 
'nrl,  at  thr  same  time,  such  as  they  can  absorb  and  assi- 
"^Vt.  Hence  the  great  superiority  of  decaying  vegetable 
A' urimal  matter.  This  coo^tilutes  what  is,  properly 
yiUuy,  the  richness  of  a  soil.  The  crust  of  earth  which 
■"Wthe  soil  consists  principally  of  silei,  argil,  lime,  and 
Biptiia.  According  as  one  or  other  of  these  predomi- 
**>**>  the  soil  may  be  )oose,  or  adhesive  ;  may  be  calcu- 
"ri  to  reuin  water,  or  to  allow  it  a  free  passage  -,  or  may 
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hare  variotit  other  qualities  influencing  the  growth  of 
plantS)  and,  from  such  qualities,  may  be  adapted  to  the 
support  of  certain  TfgetaUes,  But  in  sustaining  those 
phnts  which  are  cultivated  for  the  nourishment  of  animals, 
something  more  is  required  :  it  must  contain  decomposing 
vegetable  and  animal  matter  :*its  fertility  ceases  when  this 
has  been  abstracted,  and  can  only  be  renewed  by  a  fresh 
quantity  being  introduced. 

This,  therefore,  forms  the  first  and  most  important  of 
the  manures.  Its  nature  must  vary  some^i^t,  according 
to  the  intermixture  of  animal  and  vegetable  matter ;  but  it 
must  always  contain,  iii  large  quantity,  the  elements  of 
which  vegetable  matter  is  formed,  and  indeed  must  con« 
sist  almost  entirely  of  these.  The  black  mould  into  which 
vegetable  matter  passes  by  slow  decomposition,  and  which 
always  exists  more  or  less  in  the  soil,  consists  principally 
of  the  carbon  which  is  the  basis  of  that  matter,  with  por- 
tions of  the  other  elements.  Saussure,  in  analyzing  it  by 
heat,  found  it  to  contain  more  carbon  and  less  oxygen  than 
unchanged  vegetable  matter.  It  appeared  to  contain  also 
a  larger  proponion  of  nitrogen.  To  water  it  yields  a  por- 
tion of  extractive  matter,  and  a  small  quantity  of  carbonic 
acid  \  and  exposed  in  a  humid  state  to  the  atmosphere,  it 
absorbs  oxygen,  and  forms  carbonic  acid  *,  as  Ingenhous/, 
Gough,  Humboldt,  and  others,  had  before  observed. 

The  great  utility  of  vegetable  and  animal  substances  as 
manure,  undouhtediy  consists  in  their  affording  matter  al- 
ready assimilated,  and  hence  more  fit  to  serve  for  the  nu- 
trition of  the  vegetable.     The  water  which  is  present  dis- 
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iOlrcs  the  mucUag'mous  and  eilractive  princi 
itg  ibioibcd  by  the  roots,  must  afToid  irn 
ttiOcr  than  vmct  that  is  pure.  Sausstuc  found,  that  wa- 
ttrliolding  iu  solution  warious  salts,  as  well  as  diSerent 
vegetable  subitanceg,  gum,  sugar,  £<c.  easily  cpters  the 
loou  of  plants  bjr  absorption ;  and  that  this  absorption  U 
in  lome  meacure  elective,  some  substances  being  more 
iugelj'  absorbed  than  others.  Tiie  salts  thus  introduced 
nre  aiierwMtlt  diecovtred  in  (he  plant,  on  burning  it  *. 

Mot  only  U  nuiruious  matter  thus  conveyed  from  the 
loil  by  the  mediuni  of  water ;  thece  is  also  every  reason  to 
Inline,  that  the  gases  which  !>re  evolved  in  the  slow  de- 
fMBpOtiliw  of  ibc  vfgetiiblc  iind  animal  matter  mirtgled 
vitb  it  are  in  part  absorbed.  Under  such  circumstauces, 
Oibooic  af  id,  cubonic  oside,  and  oxy-caibuietted  hydro- 
in  (Met,  are  formed  :  portions  of  these  will  be  retaineil 
bf  dw  viter  of  the  soil,  and  may  even  be  dir«ctly  absorb- 
*il  by  the  vessels  of  th<;  root.  Mr  Knigbt  has  accordiitg- 
^  ttnarkod,  that  in  his  experiments  on  the  sap  of  vege- 
bUej,  it  always  appeared  to  contain  a  large  portion  of  air. 
ibt  glides  thus  eonvcyi^d  into  the  vegetable  contain  the 
tltaenia  from  which  its  products  arc  formed,  and  in  a 
Ku^  prebablyt  in  which  they  will  be  eauly  combined  aiul 
WiaOlMcd. 

Vtt  tbc  quantity  of  vegetable  maner  directly  conve]r«)d 
'■Mthe  fiiM,  would  appear,  from  Saussurc's  experlmeou, 
"W  tg  be  considerable.  He  found,  that  rain-water,  which 
■xl  Wood  many  days  in  a  soil  containing  much  manure, 
'w»J  ao  infusion,  which  did  not  contain  above  one  parr 
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of  fcgetaUe  matter  to  a  thousand  of  water.  tSe'fdimi 
reason  to  ooncKidey  tooy  that  a  plant,  in  abaoriiiag  tUi  id* 
lutiony  would  not  assimilate  above  the  (bnrdi  part  of  die 
▼egetaUe  matter  it  contained :  hencej  it  would  not  incfease 
in  weig^  above  a  quarter  of  a  pounds  from  the  iccession 
of  such  matters  in  akorbing  one  thousand  pounds  of  such 
an  infusion,  which,  in  a  small  plant,  would  require  a  very 
long  time  *•  Braconnot  has  concluded  too^  that  VUk 
vegetaUe  mould  can  afibrd  little  directlj  nutritkma  to  va* 
getables,  as  he  found  that  it  communicated  no  soluble  mat- 
ter to  water,  and  that  according  to  the  opinioo  suggested 
by  l^armenti^r  and  Tillet,  it  is  useful  princiimlljr  by  re- 
taining moisture  f.  The  result  of  his  ezperimenta»  'bow^ 
ever^  is  at  variance  with  that  of  8aus8ure,  and  b  indeed 
not  very  probable  in  itself  |  and  with  regard  to  the  coodii- 
sion  of  both  chemists,  it  is  to  be  remarked,  that,  independ- 
ent of  the  matter  directly  afforded  by  manures  to  the  vra- 
tcr  in  the  soil,  much  of  the  nourishment  they  afford  to  the 
plant  is  probably  by  the  medium  of  the  gases  they  evolve. 

It  may  perhaps  be  affirmed,  that  vegetable  and  aiumal 
substances  furnish  the  only  species  of  lAanure  directly  nu- 
tritious, or  capable  of  affording  matter  which  the  vege^ 
table  can  immediately  assimilate.  But  there  are  odierSi 
scarcely  less  useful,  in  improving  the  soil,  in  promoting 
the  decomposition  of  the  vegetable  or  animal  substancei 
which  it  contains,  or  in  exciting  the  plant  to  more  ingor- 
ous  action. 

Of  these,  the  first  place  is  unquestionably  due  to  lime. 


*  Rcchcrchet,  p.  267. 
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dWSity  is  sufficiently  knowrit  not  only  id  mcreasing  the 
pnducii  of  vegetation,  but  in  improving  their  quality  i 
and  variDiu  opinions  have  been  olfered  on  its  mode  of 
openlioD.  In  clay  soilSt  it'is  obvious  that  it  may  prove 
useful,  by  rendering  the  eartli  more  free  and  loose,  more 
pnYious  to  air  and  moisture,  and  to  the  roots  of  plants. 
It  mij  Ckewiae  destroy  insects,  which  often  prey  on  the 
KBitt  tegetable  :  it  may  decompose  any  saline  substance 
vbich  is  injurious  to  vegetation  -,  aiut  it  probably  acts  ns 
mimuluB  (o  the  plant  arrived  at  matunty,  and  thus  t]uicl(< 
Mt  the  process  of  vegetation.  But  the  principal  advan- 
U|e  attending  the  use  of  Hme  as  a  manure,  appears  to  be 
dftired  from  ;ts  power  of  hastening  the  decomposition  of 
Vegetable  and  animal  substances,  and  thus  supplying  to 
■he  pUtu  in  greater  abundance  the  different  gases  capable 
of  coniribuiing  to  its  nourishment.  That  lime  does  exert 
lochan  operation,  is  evident,  from  its  reducing  even  the 
tigaeoui  matter  of  plants  in  a  short  time  to  a  bl.ick  mouldy 
*lwn  it«  action  is  favoured  by  humidity  ;  and  that  it  is  by 
tliil  opnsttoti  that  it  proves  useful  as  a  manure,  appears 
u  be  ettablislied  by  the  fact,  that  its  utility  is  most  con- 
■pitaout  in  those  soils  which  abound  in  animal  and  vegc< 
t'ble  mUt«r  j  and  when  thia  is  exhausted,  the  lime  is  less 
Bitfnl,  until  it  is  renewed. 

Sons  have  imagined,  that  the  lime  acts  in  this  manner, 
''JilirKtly  combining  with  the  vegetable  or  animal  mat- 
'"i  and,  in  particular,  with  the  carbon  of  thai  matter,  ren- 
^Wnjii  soluble  in  water,  and  thus  conveying  it  into  the 
twUof  the  plant.  But  there  appears  to  be  litile  foun- 
il«ion  for  this  opinion  ;  nor  can  it  well  be  supposed,  that 
"^  "luch  lime  M  must  thus  be  conveyed,  could  be  received 
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wkhotit  injury  into  the  V€g«taUe  sy^enu  In  ptOrMdng 
the  dec<miposkion  of  thMe  sabBtsnces^  it  seems  to  aet  priOr 
cipally  by  a  resttltirrg  affinity.  It  16  possible  to»j|  as  UfM 
b  now  pfoyed  to  be  «  compound  svknt^nc9f  thit  ii  flny 
protre  useful  in  tegetatlon  by  tlitf  dlementft  It  iifdy  iflRSid. 

Lime^  when  united  with  emrbontc  sidd,  has  all  dhct 
soitiewhat  ^milar^  though  in  4ii  inferior  degfse  |  afW^  il-> 
nited  with  stflphiitie  acid,  or  under  tke  form  of  gyputti, 
ft  has  been  used  with  adrantstge  as  ii  mmwutt  ffdMsHy 
ffom  all  analogous  opentfidtf.  EteA  sOffie  s^lline  sub- 
sflmoes  have  been  found  to  protilOte  v^gefattotf,  Sildi  ai 
mufiate  of  Sodaii  When  added  in  very  sAdll  qusnttfy. 
Duhamel  fouAdi  that  lAarine  plants  growing  in  Vn  inland 
situation  langtiish^  if  not  supplied  with  this  salt. 

l^he  nature  of  the  soil,  toO,  With  regard  to  its  eat Iby  sltld 
even  its  metallic  ingredientSi  has  an  iitiportant  ioihkfifee  on 
Vegetation,  and  adapts  it  to  differeftt  plailts,  partly  perhaps 
frOffi  the  elements  these  substances  may  afTord,  but  chiefly 
from  their  mechanical  effect  in  fenderihg  the  soil  znore  or 
less  pervious  to  the  roots,  in  enabling  it  to  afford  to  the  ver 
getablc  a  more  or  less  firm  support,  and  admitting  the  ap* 
plication  of  air  and  water  in  due  proportioft.  The  earthy 
matter  of  the  soil  is  derived  fpom  the  disintegration  of  the 
rocks  over  which  it  lies,  or  from  materials  originating  from 
such  disintegration,  and  spread  over  the  surface  by  the 
operatiori  of  water.  It  must  consist,  therefore,  of  the  prin- 
ciples of  which  the  earthy  aggregates  are  formed,  and,  in 
different  situatlotis,  will  consist  of  these  in  different  pfopor-* 
tiotis.  Of  the  eartlis,  silex  and  argil  constitute  the  basis 
of  every  soil ;  and  the  qualities  of  this  soil  will  vafy,  ac^ 
cording  as  either  predominates.     A  soil  in  which  argil  Is 
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teicf  constituent,  or  which  comists  principally  of  clay, 
Vltifi  and  not  easily  worked  :  it  imbibes  water,  so  as  to 
bflhotougWy  moistened,  wry  slowly ;  but,  when  it  has 
kn  brought  into  this  state,  it  retains  it  strongly,  and  !ii 
dtytog  it  coniracts  and  hardens,  sft  as  tiot  to  admit  easily 
tfdw  extension  of  the  roots  of  jilants,  or  be  very  permea- 
lili  Id  water  and  air.  Silex  seldom  exists  in  large  (quantity 
iattoil  to  a  state  of  very  (ine  drvbion,  but  in  fragments, 
ibmieg  «  sandy  or  gravelly  soil.  In  this,  qualities  there- 
WM  of  those  of  a  ciay  soil  prevail :  and  hence  the  adapta- 
tlMrftach  ro  particular  plantsj  as  well  as  the  advantage 
Jnwd  from  a  due  proportion  of  the  one  to  the  other. 
Tie  presence  of  calcareous  earth  serves,  to  a  certain  cx- 
iRBj  die  same  purposes :  it  lessens  the  adhesive  quality  o£ 
w*  diycy  soil,  and  the  porosity  and  looseness  of  that  in 
*hich  the  silez  predominates ;  and  probably  is  still  farther 
"wful,  m  stimulating  the  vessels  of  the  root,  in  attracting 
^irinnic  acid,  and,  as  has  been  already  explained,  in  fa- 
louiiog  tb«  decomposition  of  inert  TegetabJe  matter. 
M^nesta  n  probably  always  present  in  very  Inferior  prt)- 
p»don,  and  its  operation  does  not  appear  to  be  very  well 
iMiltrd  1  though  it  has  been  concluded,  from  some' facts, 
An  it  ii  rather  hurtful  to  vcgtsation,  particularly  from 
Hme  kinds  of  limestone,  which  on  analysis  were  found  to 
rannin  magnesia,  being  prpjudicial  when  used  as  manure, 
"liileof  iron  is  the  principal  metallic  matter  present  in  the 
'^i  and  it  has  been  supposed  to  be  in  some  cases  advan- 
"pou!,  by  attracting  oxygen  from  the  atmosphere. 

An  ntensive  series  of  csperimentfi,  on  the  comparativ* 
pwmof  di^crent  mixtures  of  earths  in  sustaining  the 
•"ilition  of  thott  pt»n;i  wliicli  are  cultivaled  for  noutisli- 
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Qient^  wu  undertaken  by  TiUet  *.  He  employed  large 
earthen  pots,  which  he  sunk  in  the  earth  very  nearly  to 
^e  level  of  the  surfacet  so  that  the  plants  growing  in  them 
might  be  as  much  as  possible  in  a  natural  situation,  and 
participate  in  all  the  vicissitudes  of  the  season  ;  and^  with 
the  same  view,  he  abstained  from  supplying  them  with  any 
water,  even  when,  from  the  want  of  rain,  they  seemed  most 
to  require  it.  The  experiments  on  each  earthy  mixture 
were  continued  for  three  successive  years ;  the  grains  pro- 
duced the  first  year  being  planted  for  the  second,  and  t)iose 
produced  the  second  being  in  like  manner  planted  for  the 
third.  From  their  general  results,  it  appears,  that  there  is 
a  considerable  latitude  with  regard  to  the  earthy  mixtures- 
capable  of  supporting  vegetation.  Wheat  was  the  grain 
that  was  the  subject  of  experiment  i  and  it  was  found  to 
grow  well  in  various  mixtures  of  sand,  clay,  plaster,  and 
fragments  of  stones,  as  well,  indeed,  as  in  earth  taken  from 
a  cultivated  soil.  Nay,  it  even  flourished  apparently  equal- 
ly well  in  sand  alone,  in  fragments  of  stone,  in  old  plaster 
or  mortar.  An  excess  of  argil  or  clay  appeared  to  be  pre- 
judicial,  principally  by  communicating  the  property  of 
hardening  after  being  moistened,  so  that  water  was  not 
easily  diffused  through  it,  and  the  roots  of  the  vegetable 
met  with  too  great  resistance.  The  same  e^ect,  it  has  been 
found  from  other  experiments,  arises  from  an  excess  of 
lime,  especially  where  there  is  little  vegetable  or  animal 
matter.  In  Tillet's  experiments  no  great  advantage  was 
derived  from  the  addition  of  marl,  and  less  benefit  accrued 
from  thcL  mixture  of  vegetable  and  animal  manure  than 
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it  hare  been  expected,  from  the  advantage  obviously 
derived  from  it  in  the  ptactlce  of  agriculiure.  He  was  dis- 
posed to  conclude,  from  considering  the  results  of  aU  his 
(xpctiinenis,  that  wster  was  the  most  essential  agent  in 
promoticig  vcgeiatioti,  and  that  the  principal  advantage  of  k 
uU  is  to  preserve  a  certain  degree  of  humidity,  while,  at 
ibe  same  time,  ii  allows  the  roots  to  extend  freely,  and 
ibsorb  it. 

The  follotfing  analysis  of  a  fertile  soil,  in  a  climate  in 
vhtch  ranch  rain  falls,  that  of  Piedmont,  is  given  on  the 
uthority  of  Giobert.     One  pound  consisted  of 
Carbonaceous  Matter  '25  grains 
Water  70 

Silex  from  4362  to  4475 

Argil  —  509  to    ?9S 

Lime  —  263  to    679,  with  a  ponioo 

tt  air,  about  19  grains,  of  which  one-third  was  carbonic 
idd,  and  the  remaioder  carburetted  hydrogen.  In  less 
(ntle  soils,  the  proportion  of  silex  in  the  pound  Troy  was 
irOQ  8716  grains  to  4.528,  of  argil  from  396  to  1245,  and 
of  time  from  S39  to  G22.  And  in  barren  soils,  the  pro- 
potnonswere,  of  silex  from  2368  to  4S63,  of  argil  from 
1 13S  to  1692,  and  of  lime  from  225  to  620.  In  a  drier 
tiimitr,  Bergman  found  a  fertile  soil  to  consist  of  four  parts 
o'  cluy,  three  of  siliceous  sand,  two  of  calcareous  earth, 
ittd  one  of  magnesia.  Ic  appears,  from  the  several  analy- 
M  that  have  been  made,  that  the  less  rain  falls  in  a  coun- 
Itr,  ihe  proportion  of  calcareous  earth  in  the  soil  must  be 
■''ctrased,  and  that  of  siliceous  earth  diminished,  to  render 
ii  lenile.     On  this  subject,  some  farther  details  are  given 
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ill  Mr  Kirwtfi's  tre^ktise*.  Some  fiicts  Kare  been  ttao 
added  by  Mr  Dtvy,  in  his  late  inemdir  on  the  analjrna  of 
•oils  f .  The  soils  that  are  most  prodacthre  of  com,  he  r^. 
markSf  contain  always  certain  proportions  of  argillaceous 
and  caieareovs  earth,  in  a  finely  dirided  state,  and  a  certain 
i}Qantity  of  vegetable  or  animal  matter.  The  quantity  of 
cakareotts  earth  is,  however,  very  various,  and  in  some 
eases  very  small.  A  very  fertile  com  soil  from  Ormiston 
in  East  Lothiani  aflbrded  to  Mr  Davy,  in  an  hundred  partSy 
only  eleven  of  mild  calcareous  earth :  it  contained  twenty- 
five  parts  of  siliceous  sand ;  the  finely  divided  clay  amount* 
ed  to  forty-five  parts ;  it  lost  nine  in  decomposed  animal 
and  vegetable  matter,  and  four  in  water,  and  afforded  in- 
dications of  a  little  phosphate  of  lime.  Its  fertility  might 
'  be  in  some  measure  connected  with  this  last  substance,  as 
It  is  found  in  wheat,  oats,  and  barley,  add  may  be  a  part 
of  the  food  of  riie  plant. 

An  important  result,  which  appears  to  be  established  by 
some  of  Mr  Davy's  analyses,  is,  that  a  soil  may  be  fertile 
though  it  contain  little  vegetable  or  animal  matter.  A  soil 
from  the  low  lands  of  Somersetshire,  celebrated  for  produ* 
cing  excellent  crops  of  wheat  and  beans  without  manure, 
he  found  to  consist  of  one-ninth  of  sand,  chiefly  siliceous, 
and  eight-ninths  of  calcareous  marl,  tinged  with  iron,  and 
containing  only  about  five  parts  in  the  hundred  of  vegeta* 
ble  matter :  no  phosphate  or  sulphate  of  lime  could  be  de- 
tected in  it.  And  hence,  as  Mr  Davy  concludes, "  its  fer- 
tility must  have  depended  principally  upon  its  power  of 


*  Essay  on  Manures,  p.  5.j,  &c. 
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mncitiig  pfisdptn  of  vq^tcaUt  tumrtabment  ffom  vntm 
tiid  dM  MummffimeJ^  Tbit  kads  to  a  verjr  imponaat  in* 
ference  with  regard  to  improrltig  aoik.  *<  la  tupplyii^ 
ai&iial  or  nfgtcoMe  mamifei  a  tempocary  food  only  is  pro- 
tided  for  plaott^  wUch  19  tn  all  eaaai  exhausted  hj  meana 
ofa  cattaift  ^Mmb^  of  ctopa  %  but,  when  a  smI  isfendcred 
of  tba  base  possible  conscttution  and  taatnre  with  legard 
to  its  earthy  parts,  its  fdrtility  may  be  considered  as  per^ 
taaiiemly  established. '  It  becomes  capable  of  attracting  a 
▼ety  large  pcmteft  of  iregetsMe  noorrshmeiit  ffom  the  at» 
fiiosphere»  and  of  prodticing  hs  crops  with  comparatively 
little  labour  and  expence."  Some  alteration  in  its  consti* 
tatfoo^  may,  ^o  doubt,  arise  from  the  mere  succession  of 
ctops  I  but  any  deterioration  from  this  cause  might  be  ob» 
tiaied,  by  their  judicioui  alternation,  or  by  other  methods 
irhich  occasiosial  analyses  woold  suggest*  And  these  ob* 
senrstions  undoubtedly  lead  to  a  field  of  jresearcb  hitherto 
much  neglected,  though  so  highly  important. 

Mr  Dary  has  jtsstly  observedi  that  the  results  of  analy* 
ses  considered  as  aflFording  indications  of  fertility,  must 
liMeisarily  diflbf  in  different  climates,  and  under  diflFerent 
ftttcumstances*  *<  The  power  of  soils  to  absorb  moisture 
ought  to  be  greater  in  warm  and  dry  countries  than  in  cold 
Ind  maist  ones,  and  the  quantity  of  fine  argillaceous  earth 
they  contain  larger.  Botlsi  likewise,  that  are  situated  on 
declivities.  Ought  to  be  more  absorbent  than  those  in  the 
same  climate  in  plains,  or  in  valleys.  The  productiveness 
tf  soils  must  likewise  be  influenced  by  the  nature  of  the 
Sub^soil,  or  the  earthy  and  stony  strata  on  which  they 
rest.  Thus,  a  sandy  soil  may  sometimes  owe  its  fertility 
to  the  power  of  the  sub-soil  to  retain  water ;  and  an  ab« 
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•otbent  daytjr  io3  nuif  ofcaiimnHy  hi  pif^enteJ  finooi 
bong  btrren;  in  t  moitt  dimatei%y  the  influence  of  >  $nb» 
•tiatiini^of  trad  or  grtvel.'* 

Betides  apcoper  toils  tlie  doe  applicatioa  of  heat  and  H^ 
are  necettaryy  at  hat  been  already  stacedy  to  the  procett  of 
^egetatJODj.  heat,  at  a  ttiomlot  to  excite  and  tottain  the 
actiona  of  the  |^antt,«-Ught,  partly  front  the  tame  open- 
tkm»  and  partly  from  Jtt  chemical  powers. 

Such  are  the  circomttandet  mott  materially  infloendiq; 
vegetation  i  and  the  ttatement  bf  them  pretentt  the  follow- 
ing  general  view  6f  the  tenet  of  chemical  changes  which 
cpnttitnte  thit  procett. 

Regarding  gemunation  at  itt  first  ttage»  the-teed  ezpot- 
ed  to  humidity  and  atmotpheric  lut  expandt :  iu  farina- 
ceont  matter,  by  die  action  of  the  oxygen  of  the  air,  ta 
converted  into  tngar,  which  tervet'aa  food  to  the  infadt 
plant.  '  Itt  organt  are  gndually  unfbUed,  and  itt  nonrith- 
ment  rcceivelS  from  a  different  source :  water,  pore,  or 
holding  Tegetable  and  animal  matter  in  solution,  b  ab- 
torbed  by  the  roots  y  and,  in  a  soil  containing  decompos- 
ing Tegetable  and  animal  matter,  different  aerial  fluids  are 
likewise  receired,  and  mingled  with  the  sap.  This,  in  its 
progress  through  the  rooti  dissolves  even  part  of  the  vege- 
table matter }  and  from  this,  the  plant,  in  the  first  stages 
of  its  growth,  is  better  enabled  to  form  its  various  parts. 
It  is  brought  to  the  leaves  of  the  vegetable,  and  is  there 
presented,  under  a  very  extensive  surface,  covered  with  a 
very  thin  membrane,  to  the  acrion  of  the  air  and  light :  part 
of  its  water  transpires ;  carbonic  acid»and  other  elastic  fluids 
from  the  atmosphere,  as  well  as  substances  which  these 
may  hold  dissolved,  are  perhaps  absorbed ;  and,  by  the  ac- 
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tion  of  the  vesaels»  assisted  by  the  chemical  agency  of  light, 
new  combinations  are  establishedi  and  the  proper  juice  of 
the  plant  is  formed.  This  is  conveyed  by  the  footstalk  of 
the  leaf|  and  by  vessels  proceeding  downwards  through  the 
hark|  or  between  it  and  the  wood  :  it  is  deposited  in  dif- 
ferent parts,  or  is  still  fanher  changed  in  its  progress,-— 
changes  from  which  the  peculiar  vegetable  products  are 
fonned. 

For  the  perfection  of  this  process,  the  soil  must  be  ad- 
apted to  the  nature  of  the  vegetable  i  it  must  permit  its 
roots  to  extend,  allow  free  access  to  the  air,  and  convey 
and  retain  the  necessary  degree  of  humidity  \  its  nutritive 
powers  must  in  general  be  increased^  by  the  intermixture 
of  vegetable  and  animal  matter ;  the  decomposition  of  this 
noit  often  be  accelerated,  by  the  application  of  other 
species  of  manure  i  and,  lastly,  all  the  actions  of  the  ve- 
getable must  be  excited  and  sustained  by  the  due  propor- 
tioo  of  heat  and  light. 

'  From  the  substances  conveyed  to  the  plant  from  the  air, 
^ter,  and  soil,  must  no  doubt  be  derived  all  the  elements 
of  which  its  products  ar^ formed.  But  in  the  uncertain 
state  of  our  knowledge  with  regard  to  what  principles  are 
^ely  elementary,  it  is  perhaps  in  vain  to  attempt  to  trace 
^th  certainty  th^source  of  those  ultimate  principles  which 
^  vegetable  analysis  affords.  There  are  found  in  the 
products  of  the  vegetable  kingdom,  though  in  very  differ- 
^t  proportions,  oxygen,  hydrogen,  nitrogen,  carbon,  sul- 
pl^vr,  phosphorus,  the  fixed  alkalis,  lime,  magnesfa,  ar- 
pl  and  stlex,  and  several  metals,  particularly  iron,  man- 
S^^^ese,  and,  as  it  has  likewise  b^en  affirmed,  gold.    The 
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or^ift  of  «HM  of  tbeie  a  rafficieatly  •brioat  i  viMk  A4 
of  ochcfi  k  gpoch  nioig  pbicuwc* 

Wiih  i«gv4  ^  lihe  wiffM  and  hydnigai^  vUcb  «M^ 
•titiM  fQ  Jaife  a  p«t  of  vcfttaUt  oiatttrs  dbci?r  if  up  dif^ 
ficttltf  I  «bco  ibef  naf  be  ^ffived  fircm  A0  di^rnnf^A 
tkm  of  die  wucr  wUdi  tbt  phot  utaoibty  or  a  ponMioT 
the  osffcs  oiaf  lie  eeoemd  finun  dke  ■rimmiherir 

Carbon  is  next  to  these  the  principal  element  qf 

tahle  psoiwtsb  and  10  oMPf  of  thfaa  ja  em 

fargsr  pospoitioo  I  hotitaori^ss  rthwch  owpo  ilorthifol 

VThik  il  was  beKatod  that  Cinhanic  acU  am  ifaqi^ 
aigetihlpi  tfoas  die  akf  and  dJafmrnpiWHrlg  it«aafoworib» 
IvioMflwdL  thst  Awn  ihio  their  csfhoBJaonpawL  Ait 
it  appftw  ia  he  aoficienthr  esiahMbni«  Aai  ftailfb  ^ri^HT 
•01  amder  aapninre  to  trior  l^ghc*  mnsamr  opfppt  offd 
g^te  oat  caihooic  add  i  and  it  nmst  he  wfgwM  aa  «a- 
tremelf  doabtfiily  whether  the  abmrption  of  carbonic  acidy 
if  it  do  take  place  to  any  extent,  exceeds  the  actwd  faiaaa^ 
cioo  of  ity  aanoh  less  whether  from  this  ahsorpiaaa  the  pro* 
fwiiin  ai^aientatioa  ol  caibon,  arjhicb  accompanies  thdir 
gionriht  can  he  derived* 

TUs  difficnky  osists  even  wii^  legaid  to  "pUnts  which 
flow  in  an  ordinary  aituation,  that  is,  in  conneaion  with 
the  sail*  When  it  «s  oonsideied  H^  bow  short  a  distance 
the  loots  of  a  plant  extend  in  the  iBoil,  how  Utdeof  ihia  is 
Cttbooaceous  saatser,  and  how  aeUooi»  with  r^gaad  ao 
nuny  planu,  lUa  soil  aeqaires  to  he  reaewed»  it  aaust  he 
ohvionsy  that  the  portion  of  carbon  contained  in  it^  or  s«|p- 
plied  Q>  At  by  any  natural  process,  cannot  be  equal  to  the 
%nant:ty  which  in  the  propess  of  the  growth  of  the  vege- 
table is  fixed  in  its  ccmposition  i  still  le&s  can  it  afibrd  the 
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d«kK  Ixrgcr  quamity,  which  the  plant,  except  when  under 
ihc  influence  of  solai  light,  discharges  under  th<!  form  of 
ufbonic  acid. 

The  diiliculiy  Is  still  greater  in  those  cases  where  the 
pliint  grows  when  supplied  meiely  with  waier  and  atmos- 
pheric sir.  Some  have  supposed,  indeed,  ihai  in  iliii  case 
titcn  is  a  mere  expansion  of  tlie  vegetable  matter,  and  that 
the  cubunaceous  matter,  originally  contained  in  the  seed 
uul  not,  afibrds  the  wliole  of  that  which  enters  into  the 
tooposition  of  the  grown  plant.  But,  indepcnilent  of 
the  (jiuntiiy  lost  under  the  form  of  carbonic  acid,  the  in- 
crcite  of  matter  attending  vegetation,  even  in  this  situa- 
lioa,  is  obtiously  such  as  to  preclude  thb  suppositioo ',  any 
aptiifflent*  which  appear  to  support  it,  it  has  been  alreatly 
Rnarked,  hare  been  proved  to  be  inconclusive  or  Incor- 
imi  aod  the  fact  is  demonstrated,  that  the  quantity  of 
Q>^  is  increased.  This  is  obviou«,  indeed,  from  many 
"i  the  experiments  that  have  been  made  on  this  subject, 
Without  any  minute  investigation  ;  especially  since  it  ap- 
jKaisihai  plants  actually  emit,  during  vegetaltnn,  moie 
tirbonic  acid  than  they  can  be  supposed  to  absorb. 

The  fact  has  also  been  more  rigorously  demonsiratecJ. 
An  tipeiimeot  made  by  Braconnot  appears  to  be  decliive. 
Htincbsed  in  bottles,  containing  fine  white  sand,  which 
Wbeen  previously  deprived  of  all  calc.ireous  earth,  by 
^Jiliiog  with  weak  muriatic  acid,  460  seeds  of  while  mus- 
"f^-  The  sand  w.is  moistened  with  distilled  water  ;  the 
'^lioder  of  th«  bottle  was  filled  with  atmospheric  air, 
"Md  (rom  carbonic  acid ;  and  the  bottles  woe  closed  ac- 
^Ktaiely,  and  placed  a  few  inches  deep  in  a  moist  soil. 
*t|eatioii  teon  commenced,   and  c&ngiderable  verdure 
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was  produced.  After  six  weeks  growth,  the  plants  were 
removed,  washed  with  great  care,  and  dried.  Thej 
weighed  in  this  state  140  grains.  A  phial,  which  termi- 
nated in  a  narrow  tube,  was  filled  with  them,  and  expos-* 
cd  gradually  to  a  strong  heat ;  74  grains  of  coal  were  ob- 
tained ;  by  incineration  51  grains  of  very  alkaline  ;Cshet 
were  obtained  from  this ;  and  consequently  it  had  contain* 
cd  2S  grains  of  pure  charcoal.  To  afford  a  comparative 
result,  460  white  mustard  seeds  were  then  decomposed  by 
heat,  and  only  62  grains  of  coal  were  obtained,  which  lost 
nearly  half  its  weight  by  calcination.  Hence  it  foIIowSt 
as  Braconnot  remarks,  that  460  mustard  seeds  acquired  in 
close  vessels  upwards  of  15\  grains  of  pure  carbon  *• 

From  all  these  facts,  it  appears,  that  we  can  give  no  very 
satisfactory  account  of  the  origin  of  the  carbon  which  en- 
ters into  the  composition  of  vegetable  matter ;  a  conclu- 
sion which  chemists  will  now  perhaps  feel  less  reluctant 
to  admit,  since  recent  discoveries  have  shewn  more  clear- 
ly, that  we  know  little  of  what  are  the  true  elements  of  bo- 
dies, and  no  improbability  can  be  attached  to  the  supposi- 
tions, that  carbon,  or  any  other  substance  which  we  have 
hitherto  regarded  as  simple,  may  be  a  compound,  and  as 
such  may  be  formed  in  the  processes  of  vegetation ;  or 
if  simple,  that  it  may  be  evolved  from  the  decomposition 
of  other  bodies,  which  may  be  compounds,  though  their 
composition  is  at  present  unknown. 

The  nitrogen,  which,  so  far  as  our  knowledge  of  the 
analysis  of  vegetable  substances  extends,  enters  in  sp  :ring 
quantity  into  their  composition,  may  easily  be  derived 


*  Nicholson's  Journal,  vol.  xviii.  p.  'il. 
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atmosphere,  or  from  tlic  portion  of  it  which  wa- 
KT  bold)  loosely  dissolved,  or  from  the  soil. 

Sulphur  is  contained  in  considerable  quantity  in  the 
nm  and  juices  of  some  vegetables ",  and,  from  the  quaii- 
til7  of  lulphates  obtained  by  the  incineration  of  plants,  is 
ftthpt  a  more  common  and  abundant  ingredient  than  ha» 
bta  usually  suppoaed.  PhotphoTus  enters  into  the  com- 
fodtioa  of  certain  proximate  principles  contained  in  the 
rariiife  grains  and  roots.  But  with  regard  to  both,  lit- 
tltcu  be  said  with  precision.  They  may  be  dertred  from 
^  Mil  i  u  least  it  has  not  been  determined,  by  any  Yery 
vcurate  experiment,  whether  they  are  contained  in  sensi- 
ble qsaatity  in  vegetables  which  have  grown,  supplied  with 
w  and  water  alone,  liracsnnot  has  observed,  that  ra- 
ttibtt,  which  had  been  raised  from  seeds  planted  in  well 
nAtd  und,  and  supplied  with  pure  rain  water,  afforded 
tncH  of  sulphur  in  their  analysis ;  but  the  experiment  can 
Kacely  be  regarded  as  sufficiently  accurate,  nor  as  prc- 
iltuiing  the  supposition,  that  the  small  portion  of  sulphur 
i><^t  have  been  contained  in  the  seeds. 

Tb  (aline  substances  afforded  by  the  vegetable  analysis 
iRnrioas,  ami  are  frequently  in  considerable  quantity. 
iVitbafCE  vc  usually  the  lixed  alkalis,  and  some  of  the 
*>nla,  panicuUrly  lime  and  magnesia;  ihe  aads  with 
■bichihcse  are  combined  are  the  sulphuric,  muriatic  and 
^'ibonic,  and,  in  more  spariug  quantity,  the  ptiosphosic. 
"^  iociiMimes  exists  as  a  depostte  in  certain  parts  of 
flWi,  panicularly  in  die  stems,  and  is  generally  contained 
^  tlw  mitter  wUch  remains  after  the  incineration  of  any 
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vegetable  substance.  This  residual  matter  toOf  almost  al« 
ways  contains  iron,  with  which  manganese  is  sometime^ 
associated. 

It  b  not  easy  to  determine  exactly  in  what  state  these 
substances  exist  in  the  vegetable  matter.  Thuf i  the  salts 
may  exist  in  it  in  the  state  in  which  fhey  are  obtainedf  or 
they  may  be  formed  during  the  incineration  by  the  com- 
bination of  their  elements.  It  is  not  improbablci  that  even 
the  alkaHs  and  earths  may  have  this  origin,  their  bases  only 
existing  perhaps  as  primary  ingwdients  of  the  vegetable  • 
products,  though  from  the  nature  of  the  analysis  they  are  ' 
always  obtained  in  an  oxidated  state. 

These  various  substances,  it  is  obvious,  may  either  be 
formed  or  evolved  by  the  process  of  vegetation,  or  they 
may  be  derived  by  absorption  from  the  soil,  either  in  their 
primary  state,  or  in  the  state  in  which  they  are  obtamied. 
Each  of  these  opinions  has  been  maintained.  The  former 
lias  been  inferred,  from  the  fact,  that  so  many  vegetables 
grow  when  supplied  with  air  and  water  alone  ;  while,  in 
opposition  to  it,  it  has  been  urged,  that  the  water  had  not 
been  perfectly  free  from  foreign  matter,  and  that  from  this, 
or  from  the  materials  supporting  the  growing  vegetable, 
those  principles  might  dorivc  their  origin.  Jt  is  difficult, 
as  Mr  Davy  has  remarked,  to  obtain  any  earthy  substance 
free  from  all  saline  and  metallic  matter  *,  even  water  which 
has  once  been  distilled  may  contain  minute  portions  of 
these,  and  the  atmosphere  holds  various  substances  in  a 
state  of  mechanical  suspension.  lloivce  the  diiTicuhy  of 
Xnaking  r.uch  experiments,  so  that  the  result  ^hall  be  un- 
exceptionable. And  in  plants  £;rowing  in  the  soil,  there 
ii  a:i  abundant  source  of  buoli  pflnciplf^i..   Som-:  facto  too. 
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A  baVe  been  long  known,  prove  the  conneciion  of  the 
'jline  matter  in  vegetables  with  the  soil.  Thusi  marine 
pUn(susuaII]r  contain  muriate  of  soda,  which  diminishes  in 
fla&til]r,  however,  and  at  length  disappears  when  thejr  are 
Minted  to  an  inland  situation;  and  certain  plants 
rticb  contain  nitre,  as  pellitorr,  borrage,  and  others,  do 
aatfiounsh  but  In  a  soil  containing  nitrous  salts. 

The  researches  of  Saussure  on  the  analysis  of  vcgoti- 
Uiti  die  results  of  their  incineration,  and  the  connection 
cf  6ese  with  the  soil,  have  been  extensive  with  the  viea- 
tf  riocidattng  this  subjecti 

Ue  established,  in  the  first  place,  that  analysis  discovers 
iDthetetubstaocesin  vegetable  mould  *;  and  fanher,  thai 
■kq  exist  in  solution  in  water  which  has  macerated  oti 
■hi  mould  |.  He  also  found,  that  plants  absorb  small 
■{nntiuet  of  saline  substances,  when  these  are  presented 
II  Aiir  roots  in  solution  in  water  {,  the  quantity  absorber! 
^eeg  greater  with  regard  to  some  salts  than  with  regard 
ttnhei*.  Since  these  substances,  therefore,  are  usually 
f  nined  in  the  soil,  and  since  they  are  capable  of  passing 
DTlblOTption  into  the  vegetable  system,  their  presence  in 
*t|nablc»  tc  rather  to  be  expected,  and  it  would  even  be 
wtpriiing  if  ihcy  were  entirely  w^anting. 

SiUMore  fanbec  found,  by  comparative  [rials  an  plants 
*Bp{ilied  with  pate  water,  and  with  water  in  which  certain 
*litl  were  di&sulved,  that  the  valine  matter  which  had  been 
*lHarbed  remained  in  the  plant,  and  might  be  detected  in 
■iKaihn  formed  by  its  combustion  f|.     It  hkewise  follow- 


*  Recliercliei,  p 
I  ibid.  p.S51. 
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ed)  from  other  comparative  experiments,  that  when  beansf 
were  made  to  vegetate,  by  being  supplied  in  one  atrange- 
ment  withdistilled  water,  being  planted  in  another  in  gravel 
in  glass  capsules  placed  in  the  open  fields  and  supplied  with 
rain-water,  and  in  a  third,  being  planted  in  the  common 
soil  in  potSf  in  ail  these  cases,  the  quantity  of  ashes  they 
afforded  on  burning  was  different;  from  100  parts  of  the 
dried  vegetable  matter  of  the  fint,  S.&  parts  of  ashes  Were 
obtained  ;  from  100  of  the  second,  7.5  parts ;  and  from 
100  of  the  third,  \2  parts*. 

In  the  last  pla'ce,  the  proportions  of  the  elements  of  the 
ashes  have  almost  always  a  certain  relation  to  the  soil. 
Plants  which  have  vegetated  m  a  soil  that  has  originated 
from  the  disintegration  of  a  siliceous  rock,  furnish,  other 
circumstances  being  alike,  ashes  which  contain  less  lime 
and  more  silex  than  those  which  have  grown  in  a  calca- 
reous soil.  If  the  soil,  however,  contain  much  vegetable 
mould,  this  may  not  happen  :  the  ashes  will  then  be  alike. 
This  was  established  by  an  experiment  made  by  Lampa- 
dius.  He  prepared  in  a  garden,  five  spots  of  four  feet 
square  surface,  and  one  foot  depth  ;  in  each  he  put  a  mix* 
ture  of  a  pure  earth,  and  of  eight  pounds  of  animal  manure. 
He  sowed  rye-seeds  in  each;  and  the  ashes  of  the  plants 
produced  were  found  to  contain  the  same  principles.  Lam- 
padius  concluded  from  this,  that  the  earths  found  in  vege* 
tables,  or  at  least  some  of  them,  are  formed  in  vegetation ; 
but,  as  Saussure  has  remarked,  the  manure  not  having  been 
analyzed,  might  contain  a  suflicient  quantity  of  those 


*  Recherchcs,  p.  tiSl. 
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^sithy  and  8^aie  substancea  most  congenial  tp  the  plant, 
and  whidi  il  would  absorb  *, 

AU  d^se  £u:t9  app^r  in  favour  of  the  conclusions  ^hat 
the  saline,  earthy,  and  metallic  substance^  fpupd  in  pl^Mt 
are  dcni^  from  ih?  soiL 

From  tbit  oQncIu«ion>  Saussure  explains  very  well  a 
mimber  of  f act^  connected  with  the  productipn  of  a^es 
^incineration  from  vegetables,  which  otherwise  have  npt 
beni  aoBQUDted  for  f.  TThus,  it  has  been  sufficiently  ascer- 
tained by  repeated  esperimenf,  that  herbaceous  plants  af- 
ford more  ealine  matter  tbiQ  those  which  are  larger,  an4 
have  more  wood.  Now  he  observes,  that  according  to  his 
experiments,  saline  matter  ih  conveyed  into  the  plant  only 
b]f  absorption  of  water  holding  it  in  solution,  and  this  on* 
Ij  m  very  minute  quamity*  It  follows,  therefpre»  that 
those  plants  which  absorb  and  transpire  most  should  con* 
tsin  die  largest  quantity  of  saline  matter,  as  the  largest 
(|uantity  must  be  conveyed  into  their  substance*  But  it  is 
proved,  by  the  experiments  of  Hales  and  Bonnet,  thathcr- 
haceous  plants  transpire  more  than  those  of  a  larger  size. 

It  may  be  expected,  that  the  saline  matter  will  be  prin- 
cipally deposited  in  those  organs  in  which  transpiration  is 
Ptrformed.  These  are  chiefly  the  leaves  j  and  according- 
^h  experiment  has  proved,  that,  in  a  given  weight,  the 
^*aTes  yield  more  saline  matter  than  any  other  part  of  the 
plant.  The  bark,  Saussure  found,  contains  more  than  thb 
'^^terior  parts,  and  obviously  from  a  similar  cause. 

When  the  parts  of  a  vegetable,  the  leaves  for  example, 
ve  washed  repeatedly  with  water,  they  afford  a  smaller 


»  Rcchcrchcs,  p.  283.  f  Ibid.  p.  274,  &c. 
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quantity  of  ashes  on  burning,  than  when  burnt  without 
this  previous  washing ;  which  proves,  that  part  at  least  ol 
the  saline  matter  obtained  by  their  incineration^  exists  as 
such  in  the  plant. 

It  is  to  be  added  to  this  general  statement,  that  although 
these  principles  are  chiefly  derived  from  the  soil,  Saussure 
found  reason  to  conclude,  from  some  experiments,  that 
the  atmosphere  may  aflTord  a  portion  of  them*  The  ex- 
periment by  which  this  was  to  be  determtnefi  was,  ob- 
viously, to  cause  grains  to  gro^  in  distilled  water,  and, 
by  a  comparative  experiment,  to  determine  whether  the 
plants  produced  afforded  more  saline  or  earthy  matter  than 
was  contained  in  the  seed.  On  making  the  experiment, 
it  was  found,  that  there  was  a  small  increase  of  this  mat* 
ter  during  the  vegetation,  which,  according  to  the  views 
of  Saussure,  had  probably  been  deposited  from  the  atmo- 
::phcre  on  the  leaves  of  the  plant  *. 


*  Rccbcrchf  5,  p.  S04!. 
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CHAP.  11 

J>F  THE  PKOXIMATE  VIUKCIPLES   OF 
»       VJiGETi\BL|:S. 

IF  the  chemist,  in  the  examinatioti  of  the  products  of 
the  vegetsiUe  kingdom^  were  under  th^  necessity  of  inyes- 
t^iog  the  properties  ^d  composition  of  the  individual 
tabstancts  produced  by  every  plant,  the  task,  from  its  ex- 
teot,  could  scarcely  be  exjEfCuted.  It  is  one,  however,  which 
tt  ^together  unnecessary ;  for  however  numerous  and  di- 
versiSed  the  products  of  vegetation  may  appear  to  be,  they 
ve  all  reducible  to  a  few  species,  capable  of  being  distin- 
guished by  appropriate  characters.  These  form  what  are 
'^^ed  the  Immediate  or  Proximate  Principles  of  Plants  : 
^  are  obtained  directly  by  a  very  simple  analysis,\and 
^fe  all  compounds  formed  by  the  combination  of  the  ulti« 
^'^^  elements  of  vegetable  matter. 

n^Qs^  suppose  that  the  object  of  the  chemist  is  to  disco* 
^9  the  composition  of  the  baiic  of  any  vegetable,  he  does 
^  attempt  to  resolve  it  at  once  into  its  ultimate  elements, 
^ince  from  this,  without  an  intermediate  analysis,  little  in- 
'onnaiion  would  be  gained.  But  he  endeavours  to  discover 
^^t  immediate  principles,  capable  of  being  separated 
"^d  distinguished  from  each  other,  it  is  composed.  If, 
^'ththis  view,  it  be  subjected  to  maceration  in^  water,  it 
*ul  probably  comiwun»catc  to  the  water  colour,. .tnctc,  and 
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Other  sensible  qualities.  If  the  remaining  bark  be  next 
heated  with  water  in  close  iressek^  a  portion  o£  fluid  distils 
over,  from  which,  on  standing,  an  oily  matter  may  sepa- 
rate, posses»ng  odour  and  taste  in  an  eminent  degree.  If 
the  matter  which  remains  is  digested  in  alkohol»  a  sub* 
stance  may  probably  still  be  extracted,  which  had  hitherto 
resisted  the  action  of  the  water;  and  by  repeated  experi- 

• 

ments  of  this  kind,  nothing  is  at  length  left,  but  the  inert 
ligneous  fibre.  If  it  be  now  inquired,  what  was  the  com- 
position of  the  bark,  the  analysis  warrants  the  conclusion, 
that  it  Consisted  of  a  peculiar  matter  soluble  in  water  ;*of 
inother,  not  soluble  to  any  extent,  bat  rolatileat  the  tem« 
perature  of  212 }  and  of  a  third  substance,  neither  solu- 
ble in  water  nor  volatile,  but  capable  of  being  dissolvied 
by  alkohoL  These,  mixed  with  each  other,  and  attached 
to  the  insoluble  ligneous  fibre,  formed  the  bark.  In  a  si* 
milar  manner,  the  seed  or  fruit  of  a  vegetable,  its  juices, 
or  any  of  its  productions,  may  be  analyzed. 

The  result  of  such  researches  is  the  discovery  of  a  cer- 
tain tiumber  of  common  principles,  capable  of  being  dis* 
tinguishcd  Jrom  each  other  by  peculiar  properties,  and 
forming,  by  their  mixture  or  combination,  all  tlic  varieties 
of  vegetable  matter.  It  is  to  these  chiefly  that  the  atten- 
tion of  the  chemist,  so  f^r  as  it  is  directed  to  the  products 
of  the  vegetable  kingiiom,  is  confined.  It  would  not  on- 
ly be  an  endless  task  to  examine  chemically  every  indivi- 
dual vegetable  substance,  but  it  would  be  one,  in  a  che- 
mical point  of  view,  comparatively  without  utility,  since  ' 
many  would  be  found  so  much  alike,  that  no  dtscrimina- 
tion  of  them  as  chemical  agents  could  be  established. 
One  essential  oil,  for  example,  maydifler  from  another  in 
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n(  taut,  01  its  odour,  or  in  its  action  on  the  animal  sy»- 
ten;  and  umiUr  differcnccB  tna^r  «x>st  in  diiTereiit  lesins, 
w  diffinent  gums.  They  are  with  propriety  observed  and 
ffnmlcrf  by  the  naluralitt,  or  by  the  physician,  as  they 
^n  often  adapted  to  important  purpoEes  in  medicine  or  in 
the  mi.  But  by  the  chemist,  such  trivial  differences  mun 
beaeglected.  They  probably  depend,  indeed,  on  varia- 
t'lons  in  the  chemical  composition  of  the  different  sub- 
ctwcets  but  such  variations  are  by  fir  too  subtle  to  be 
<nced  with  any  accuracy  by  chemical  analysis.  Thus, 
■Ik  great  number  of  essential  oils  which  exist  in  the  rege- 
uble  kingdom  possns  the  same  general  chemical  qualities, 
snd  would  affind,  on  decomposition,  the  same  ultimate  ■ 
ptincipIvB  in  the  same  proportions;  or,  if  any  dilTerence 
ofpfoponion  were  obseivcd,  it  could  never  be  clearly  os- 
Ubiiihtd,  that  this  was  the  cause  of  the  differences  in  tteir 
pnpndes.  And  the  case  would  be  ihc  same  with  regard 
10  the  other  proximate  principles.  This  necessarily  leads 
<o  a  oiora  general  examination,  or  tht»  chemist  must  rest 
tAiffied  with  reducing  all  these  varieties  to  a  few  welUde-. 
■oed  spedes;  those  under  e.ich  species  agreeing  in  nil 
'W  essential  chemical  properties  and  relations,  though 
•Iwy  may  vary  somewhat  in  their  sensibly  qualities. 
Ihc  first  stop,  tlxn,  in  the  consideration  of  the  TOge- 
H,  is  ilie  diurimination  of  those  species,  or 
t  arc  named  tho  vegetable  Proximate  Prijiciples. 
tesM  in  iht  entire  plant  in  various  states.  Some 
'  Vtooltecied  in  panicular  organs,  nearly  pure ;  others  are 
"■t^  with  the  Common  sap,  or  with  each  odier ;  and 
t  chenically  combined  together.  Different  me- 
,  are  employed  to  obtain  tJiem  sepante. 
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Sometimes  ibUSY  are  procured  bjr  spontaneous^  e^udattots. 
from  the  living  vegetable ;  some  may  be  obtained  by  me-^ 
chanical  expression  ;  those  which  are  volatile  are  separat'* 
ed  by  the  due  application  of  heat,  and  others  are  extract- 
ed by  their  solubility  in  water,  alkohol^  or  odier  solvents' 
I  When  thus  obtained  separate,  their  properties  are  easily 
examined,  .and  thus  the  requisite  discriminations  between 
them  are  established. 

In  the  last  place,  it  is  necessary  to  investigate  the  com- 
position  of  these  sub$tances.  This  is  a  subject  of  inquiry « 
however,  extremely  difficult ;  it  is  4iable  to  all  the  inac* 
curacies  arising  from  a  complicated  analysis  y  and  we  are 
altogether  unable  to  bring  our  conclusions,  to  the  surer  test 
which  synthesis  afibrds* 

The  first  mode  of  eiFccting  this  analysis,  and  the  one 
which  has  been  most  generally  employed,  is  the  appKca** 
tzon  of  heat.  When  a  vegetable  is  raised  to  a  temperature 
superior  to  212^,  in  close  vessels,  the  superfluous  water  it 
contains  is  first  expelled :  its  decomposition  then  com* 
mences,  and  its  elements  enter  into  new  combinations  :  a 
coloured  empyreumatic  oil  distils  over ;  this  is  accompa* 
nied  and  followed  by  an  acid  which  condenses  in  the  fluid 
form:  a  quantity  of  aerial  fluid  is  also 'extricated,  whtcli, 
when  examined,  is  found  in  general  to  be  a  mixture  of 
carburetted  hydrogen,  carbonic  oxide,  and  carbonic  acid  ; 
and  a  quantity  of  charcoal  remains,  with  minute  portions 
of  salt^,  earths,  and  metals,  which  the  vegetable  matter  had 
containeil.  The  iiature  of  this  analytsis  is  sufliciently  cvi- 
licnr.  The  vegetabl-o  n^attcr  docs  not  consist  of  the  pro- 
iliicts  tliiis  obr.iined  ;  hut  hv  the  hc.it  applied,  the  balance 
of  attractions  •Jub^i^:ing  ot-twccn  its  principles  Ins  bcx^u 
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^loVtn :  these  have  entered  into  new  combinations,  and 

I      hare  farmed  the  oil,  the  acid,  and  other  substances  which 

iht  ani[<f$is  affords.     The  oil  results  fiom  the  union  of 

I      pin  of  the  hydrogen  with  pirt  of  the  caibon  of  the  vegc- 

■jWe  miner  ;  the  acid,  from  the  combination  of  another 

ponion  of  carbon  and  hydrogen  with  oxygen  ;  and  tlic  car- 

bumtcd  hydrogen,  and  carbonic  acid,  are  evidently  pro- 

dwi  of  the  same  principles,  united  in  other  proportions. 

This  analysis  of  vegetables  by  fiie  was  often  performed 

Kfildcr  cliemists.     They  supposed,  that  by  nieana  of 
isiight  discover  the  source  of  the  peculiar  properties 
benr  kinds  of  vegetable  matter.     With  iliis  view, 
.  one  tbcusand  dilfercnt  plants  were  analyzed  bjr  tlic 
acmbers  of  the  French  Academy,  in  the  beginning  of  the 
lai  ceaiury,  but  with  no  advantage :  the  same  products 
ftn  afforded  br  the  analysis  of  all  of  them  ;  and  these 
piixlDcts  not  being  such  as  pre-existed  in  the  matter  aiw- 
ijiti,  but  originating  from  new  ccmbinaiions  of  its  prin- 
ciplti,  could  ^ive  no  jutt  idea  of  its  composition,  at  a  time 
h^jiMfaese  oltimate  principles  were  entirely  unknown. 
^^^Hfa  modem  chemistry  derives  limited  information  from 
^^^06  analysis.    We  can  indeed  collect  ^dl  the  products, 
'    '••fl  We  can  farther  analyze  ihem,  so  as  to  determine  their 
Mo^iiion,  or  ascertain  the  simple  substances  of  which 
L^^pe  formed,  and  the  proportions  in  which  ihey  arc 
^^^^n  and  hence  it  might  be  concluded,  that  we  might 
^^^Blinc  with  certainty  their  absolute  composition.    But 
■  BeTi  experiments,  there  are  souices  of  error  unavoid- 
*'"tt  and  nearly  inapprccijble.     From  slight  varialions  of 

tlhe  new  combinations  formed  will  be  consi- 
1 1  and  as  the  simple  substances  which  thu< 
^ : 
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act  on  each  other  are  ca^blc  of  combining  in  numefOm 
modes  and  proportions,  products  will  be  formed  whose 
composition  we  can  scarcely  exactly  determine.  We  an 
also  always  uncertain  what  proportion  of  the  products  oi 
the  analysis  hare  pre-existed  in  the  vegetable  matteff  oi 
haye  been  actually  formed.  Thus,  we  can  never  kaov 
how  much  of  the  water  it  contained  has  been  decompoeed; 
or  how  much  of  the  oil  or  acid  obtained  is  the  product  ol 
new  combinations. 

Still,  from  such  an  analysis,  we  derive  some  general  ii;- 
formation  on  the  composition  of  the  vegetable  products ; 
and  several  just  and  important  conclusions  from  experi- 
ments of  thii  kind  are  to  be  found  in  the  works  of  modem 
chemists.  l/,  for  example,  the  vegetable  substance  wbidi 
is  exposed  to  heat  yield  a  large  quantity  of  acid,  we  con- 
elude,  that  it  has  contained  a  considerable  quantity  of  oxy- 
gen as  a  constituent  part.  It  is  thus  that  wc  discover  that 
gum  or  sugar  contains  much  more  oxygen  than  the  fixed 
or  volatile  oils  do.  If>  again,  it  yield  much  oil,  wc  con- 
clude, tiiat  it  contains  a  considerable  quantity  of  hydrogenj 
since  this  element  is  the  principal  constituent  part  of  em- 
pyreumatic  oil.  In  like  manner,  when  ammonia  or  prussic 
:icid.  is  aiTordcd  by  this  kind  of  analysis,  we  infer,  that  the 
substance  operated  on  contains  nitrogen,  as  that  element  is 
•v.^cessary  to  the  formation  of  cither  of  these  substances. 
In  the  same  manner,  are  discovered  the  earths  and  metals 
whicli  the  vegetable  may  contain  v  and  from  the  quantity 
•>f  charcoal  which  remains,  we  can  draw  some  conclusion 
^>  to  the  quantity  of  carbon  which  had  existed  in  its  com- 
position. 

Sf^r^etimes  the  proximate  principles  of  v«»grtablcs  ai? 
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malyzed  by  exposing  them  to  heatf  with  the  accees  of  at- 
mospheric ak)  and  collecting  the  products  of  the  combus- 
faoa  that  ukes  place.     From  the  nature  of  these  products, 
«e  can  ascertain  the  nature  of  its  component  principles  : 
and  from  the  quantities,  the  proportions  in  which  they 
were  vnited.    Oil,  for  example,  when  subjected  to  this 
amlysis,  yields  carbonic  acid  and  water.     We  conclude, 
therefore,  that  it  is  composed  of  orbon  and  hydrogen, 
imce  these  principles  united  with  oxygen  form  these  pro- 
ducts, and  since,  if  any  other  simple  substance  had  exist- 
ed m  the  oil,'  it  would  have  appeared,  either  pure,  or  in 
combination  with  oxygen.    We  can  even  determine  in  this 
manner  the  proportion  in  which  the  carbon  and  hydrogen 
existed  in  the  oil ;  for  knowing  what  quantity  of  carbon 
ensts  in  a  given  quantity  of  carbonic  acid,  and  what  quan- 
tity of  hydrogen  exists  in  a  given  quantity  of  water,— >we 
discorer  this,  by  determining  .lihe'^luantities  of  carbonic 
add  and  water  produced  by  the  combustion.    In  this  man- 
ner,  Lavoisier  found,  that  expressed  oil  consists  of  twelve 
pans  of  carbon  united  with  three  of  hydrogen. 

The  proximate  principles  of  vegetables  are  likewise 
sometimes  analyzed  by  subjecting  them  to  spontaneous 
decomposition.  It  is  thus  that  sugar  is  brought  into  the 
state  of  fermentation  ;  and  from  the  products  of  the  fer- 
iBiBntation,  the  principles  of  the  saccharine  matter  are  de- 
'^nnined.  From  such  an  operation,  Lavoisier  inferred,  that 
svguis  composed  of  eight  parts  of  hydrogen,  twenty- eight 
<^f  carbon,  and  sixty-four  of  oxygen. 

Lastly,  the  analysis  of  these  substances  is  effected  by 
^  agency  of  the  acids,  which  communicate  to  them  oxy- 
tP^t  ^d  by  the  product  the  nature  of  tlieir  acidifiable  base 
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•is  ateeituned.  The  nkric,  and'  theesymariatiiB  adkl'fai 
particoUr^  are  employed  with  this  intention. 

Smch  are  itfae  nietfaoda  by  which  vegetable  nmter  may 
he  anadyzed.  And  though  the  reialta  are  not  abiolately 
acctirate»  we  obtain^  at  leasts  approximations  to  the  troth. 

'The  foHowtng  ire  the  proximate  principles  of  vegetables 
that  have  beendiserimtnatedwidisufficientpredlidn:  Gnaiy 
FecoUiSugar^  GSuteni  Albumen,  Gelacin,  FiMd  Oili  Wax, 
VoIatifeOiiyCamphor,  Resip,  Extiact»Caoiitcfaoii<^Tanii^ 
Acids;  Ligneous  Fibre.  To  these  have  been  added,  some 
that  are  more  equvocalt  as  the  colouring  matter,  the  ato- 
ms or  ^nritns  rector,  the  Intter,  aciid,  and  narcotic  pna- 
ciples,  and  acme  others* 

No  uniformity  is  observed  in,  the  distribution  of  aby  of 
ihese  principles,  with  regard  to  the  difibrent  parts  ofplaota. 
The' ligneous  fibre  forms  the  basis  of  the  entire  vegetable  i 
.  the  others  are  distributed  through,  ^rery  part ;  gum,  for 
example,  being  found  in  the  roots,  bark,  leaves,  seed,  and 
fruit,  and  the  case  being  the  same  with  nearly  all  the  others. 
Gum,  fecula,  saccharine  matter,  and  oil  either  fixed  or 
volatile,  generally  form  the  matter  of  the  seeds  ;  the  acids 
are  usually  contained  in  the  fruit ;  the  extractive  matter  \i 
very  generally  diffused  through  the  vegetable  \  tanin  is 
found  principally  in  the  bark ;  the  fixed  oils  arc  obtained 
In  general  either  from  the  seeds  or  fruit,  the  volatile  oils 
either  from  these,  or  from  the  wood,  bark,  or  leaves. 
Gum,  saccharine  matter,  and  rcsin»  often  compose  the  se* 
creted  juices  which  spontaneously  exude. 
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This  principle  of  vegetable  matter  appears  to  be  one  of 
the  first  products  of  the  changes  to  which  the  sap  is  sub- 
jected in  the  process  of  vegetation.  It  is  contained  in  many 
plants;  is  found' principally  in  the  seeds  and  rootSi  but 
also  in  the  stalks^  bark,  and  leaves :  and  is  sometimes 
femed  in  such  quantity,  as  to  be  discharged  by  sponta- 
neous exudation  from  the  bark*  It  often  exists  in  combi- 
nation with  some  of  the  other  proximate  principles,  par- 

• 

ticularly  with  fecula,  sugar,  extractive  matter,  and  resin. 
There  are  seeds  and  roots,  however,  from  which  it  can  be 
extracted  nearly  pure,  as  from -the  seeds  of  the  Linum  usi- 
tatissimum,  or  the  roots  of  Alth^a  officinalis.  When  dis- 
charged by  spontaneous  exudation,  it  is  generally  pure  ; "" 
and  from  some  of  the  gums  obtained  in  this  manner,  its 
characters  as  a  distinct  principle  are  derived. 

This  principle,  when  in  a  solid  state,  has  been  named 
Gum ;  when  Soft  or  liquid,  Mucilage  i  and  in  pharmacy, 
the  latter  term  is  applied  even  to  the  watery  solation  cf 
gum.  Hermbstaedt,  however,  introduced  a  distinctioa 
between  gum  and  mucilage.  Gum,  -according  to  this  ' 
distinction,  forms  with  water  a  transparent  glutinous  sc- 
lution,  while  mucilage  forms  with  water  a  solution  more 
or  less  opaque  and  slippery.  They  may  even,  he  adds, 
be  separated  from  each  other,  by  adding  to  their  watery 
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solution  diluted  sulphuric  acid|  which  coagulates  the  mu- 
cilage without  affecting  the  gum  ;  the  latter  therefore 
remains  dissolved,  and  the  coagulated  mucilage  slowly 
subsides  from  it  *.  The  distinction  with  j^egard  to  the 
appearance  of  the  solution,  is  one  of  no  great  importance, 
and  is  altogether  insuiEcient  to  establish  any  specific  dif- 
ference ;  and  with  regard  to  the  mode  of  separating  mu* 
cilage  from  gum,  given  by  Hermbstaedt,  Dr  fiostock  re- 
lates that  he  never  found  it  to  succeed.' 

Dr  Bostock,  however,  in  his  investigation  of  die  chemical 
properties  of  gum  f,  has  pointed  out  some  differences  in  the 
chemical  properties  of  substances  which  have  been  regards 
ed  as  varieties  of  it.  The  general  characters  of  the  spe* 
cies  may  be  taken  from  a  pure  gum,  of  which  the  subr 
stance  named  Gum  Arabic  affords  an  example^  and  the 
peculiarpproperties  of  other  varieties  belonging  to  it  may 
then  be  noticed. 

Gum  is  generally  in  small  fragments,  wrinkled,  and 
stiiooth  on  the  surface,  brittle,  semi^pel lucid,  with  fre- 
tniLMitly  a  tinge  of  yellow  or  red :  it  is  inodorous  and  in- 
sipid :  it  is  neither  fusible  nor  volatile :  when  heated,  it 
softens  and  blackens,  and  is  soon  decomposed :  it  has  lit- 
tle inflammability ;  for  although,  when  heated  in  contact 
with  the  air,  its  carbon  or  hydrogen  may  combine  with 
oxygen,  yet  it  scarcely  presents  tlie  phenomena  of  com- 
bustion, the  flame,  even  when  the  temperature  i$  raised 
hii^h,  being  scarcely  perceptible. 

Gum  is  soluble  in  water,  either  cold  or  warm,  in  every 


*   Mcilical  and  Phyi-ical  Journal,  v.  i.  p.  7J>.  v.  iii.  p.  !i70. 
J   Nicholson's  Journal,  v.  xviii.  p.  5^». 
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proportion.  Its  tolutioa  Is  Tiscidy  and,  when  the  propor- 
tkn  of  gum  is  conuderable,  is  of  a  thick  consistence,  and 
b  adhesive.  By  evaporation,  the  gum  may  be  obtained  in 
a  concrete  form,  and  is  soluble  in  water  as  before.  . 

The  solution  of  gum  in  water  becomes  sour^on  being 
kept  for  some  time,  from  the  formation  of  a  portion  of 
acetic  acid.  This  change  is  said  to  arise  merely  from  the 
redaction  of  its  own  elements,  and  not  from  the  absorp- 
tion of  oxygen.  By  no  manageipent  can  gum,  be  made  to 
undergo  the  vinous  fermentation.  When  mixed  with 
yeast,  and  kept  in  the  proper  temperature,  it  retains  its 
natural  taste,  and  acquires,  after  a  number  of  days,  only  a 
peculiar  and  offensive  smell  *• 

Gum  is  insoluble  in  alkohol.  This  reragent  even  pre-; 
dpitates  it  from  its  watery  solution,  or  rather  renders  the 
lolution  milky,  and  is  the  test  by  which  gum  is  usually  re?- 
cognised.  It  is  also  insoluble  in  ether,  and  in  oils,  either 
volatile  or  fixed.  From  its  viscosity,  m^icilage  serves  to 
4iffuse  oil  more  perfectly  through  water,  and  to  retain  it 
in  this  state  of  diffusion,  forming  a  milky  mixture  ;  and 
fior  diis  purpose  it  is  employed  in  pharmacy. 

Gum  is  not  directly  dissolved  by  any  of  the  concentrat- 
ed acids,  but  is  decomposed  by  them,  the  decomposition 
varying  as  to  its  products,  according  to  the  kind  of  acid, 
and  according  to  its  state  of  concentration.  Sulphuric 
acid  blackens  it,  or  evolves  a  quantity  of  its  carbon  :  it 
causes,  at  the  same  time,  part  of  its  oxygen  and  hydrogen 
to  combine  to  fortn  water ;  and  a  portion  of  acetic  acid 
is  also  produced. 


*  Crtiickshaiik  in  Rollo  on  Diabetes,  p.  474. 
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Nitric  acid  exerts  a  AiiTertnt  action  upon  it.  No  car- 
bonaceous  matter  is  soparated ;  but  ihe  elementa  of  the 
gum  receive  oxygen  from  the  nitric  acid,  and  portions  of 
oxalic  ncid,  malic  acid,  and  the  peculiar  acid  named  sao 
cho-laciic,  arc  formed.  The  product!,  however,  appear 
10  be  difTcrent,  nccording  to  the  concentration  or  dilution 
t>{  the  nitric  acid,  and  according  a«  its  aciioii  on  the  gum 
is  promolcd  or  not  by  heat.  Mr  Cruickshank  appears,  bjr 
usirtg  a  diluted  acid,  to  have  obtained  from  gum  only  ox- 
ulic  ncid,  a  small  portion  of  oxalate  of  lime  being  likewise 
deposited  from  part  of  the  acid  combining  with  tho  por> 
lioii  of  lime  which  is  always  cyiitained  in  gum.  From 
rrciiting  an  ounce  of  gum  arable  with  an  equal  pioportion 
of  nitric  acid  properly  diluted,  the  quantity  of  crystals  of 
oxalic  acid  fonncd  amounted  to  3  drachms  36  grains.  With 
those  were  mixed  a  while  powder  amounting  to  about  6 
grains,  which  he  found  to  be  oxalate  of  lime  ;  nor  does 
any  saccho>lactic  acid  appear  to  have  formed  '. 

On  the  other  liand,  from  the  experiments  of  Fourcrojr 
.uid  Vauquclin,  it  appears,  that  the  quantity  of  this  acidi 
produced  by  the  action  of  nitric  acid  on  gum,  is  consider- 
able, when  the  nitric  acid  is  concentrated,  and  its  action 
promoted  by  heat.  In  this  mode  of  making  the  experi- 
ment, from  14-  to  ^G  piiti  of  sjccho-ladic  acid  were  ob- 
tained from  100  parts  of  gum.  If  the  acid  has  not  been 
boiled  on  the  gum,  or  if  it  has  not  been  concentrated  or 
employed  tn  too  large  quantity,  malic  acid  is  also  formed 
with  the  oxalic  acid,  and  it  is  converted  into  this  latter 
icid,  by  thecontinued  action  of  ihr  nitric  acid.    From  100 


'  RoUo  on  Dtit>>.tri,  p.  +68. 
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parts  of  gum  arabiC)  these  chemists  obtained  24  of  malic 
acidi  care  being  taken  to  avoid  the  conversion  of  any  of 
ir  into  oxalic  acid  *• 

Oxjmuriatic  acid  converts  gum  princtpalljr  into  citric 
acid.  For  this  purpose^  it  requires  to  be  applied  in  its 
concentrated  state,  a  current  of  oxymuriatic  acid  gas  be- 
mg  tnnsmitted  through  a  solution  of  gum  in  water.  Vau- 
qoeiin,  who  made  this  experiment,  found  that  the  gum 
was  almost  entirely  converted  into  citric  acid  f .  Muriatic 
add  exerts  little  action  on  gum.  It  may  be  dis/ohred  in  the 
concentrated  acid ;  the  liquid  becomes  brown  $  a  little  car-, 
bon  is  separated  ;  the  gum  is  changed  in  its  properties,  but 
does  not  appear  to  be  converted  into  atiy  acid. 

The  alkalis  and  alkaline  earths,  when  dissolved  in  wa« 
ter,  dissolve  gum  without  producing  on  it  much  change. 
Some  compound  salts  produce  eflects  on  gum  of  some  im* 
portance,  as  afibrding  characters  by  which  it  may  be  dis- 
ttQguished.  The  super-acetate  of  lead  has  no  sensible  ef» 
feet  on  its  solution,  while  the  neutral  acetate,  or  Gou- 
lanP^  Extract  as  it  has  been  named,  gives  a  copious  dense 
«4iite  precipitate.  Nitro-muriate  of  tin  does  not  precipi* 
tate  it.  Solution  of  red  sulpiiate  of  iron  converts  its  so- 
hnion  into  a  transparent  orang^coloured  jelly.  A  solu- 
tion of  silicated  potash  renders  it  opaque  and  at  length  a 
precipitate  is  thrown  down, 'forming  a  very  delicate  test  J, 

The  decomposition  of  gum  by  heat  affords  that  mode  of 


•  Fourcroy's  System  of  Chemistry,  vol.  vii,  p.  197,  Sec, 

f  AnnaWs  de  Chimin,  tern.  vi.  p.  178. 

X  Experiments-  by  Dr  Bostock,  Nicholson'*  Joui*nal,  vol. 
xvii  p.  28. 
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analysis  by  which  we  discover  with  most  accuracy  ita  elf- 
nents  and  iheir  proportions.  The  principal  product  is  an 
acid  liquid  formerly  regarded  as  a  peculiar  one,  and  nanedt 
as  being  obtained  from  the  decomposition  of  mucilage  by 
ftre,  pyio-mucous  acid,  but  now  discovered  to  be  acetic 
acid,  disguised  a  little  by  a  small  portion  of  empyreumatic 
oil :  With  this  nctd  lit)Uor,  there  distils  also  a  portion  of 
empyreumatic  oil  ;  carbonic  acid  gas  and  carburetted  hy- 
drogen gas  arc  produced,  and  there  is  a  residuum  of  char- 
coal, light  and  spongy.  Frotn  this  analysis,  it  was  inferred, 
that  gum  consists  of  carbon,  hydrogen,  and  oxygen,  these 
being  the  elements  of  these  products.  The  quantity  of 
acid  being  greater  than  thatof  oil,  it  was  inferred,  that  gum 
contains  more  oxygen  than  some  of  the  other  vegerable 
principles  -,  while,  being  less  than  that  from  sugar,  it  was 
supposed  to  differ  from  this  principle,  in  containing  z 
smaller  proportion  of  oxygen.  The  proportions,  as  given 
by  Fourcroy  and  Vauquelin,  were  23.08  of  carbon,  1 1.5t 
of  hydrogen,  and  65. 3S  of  oxygen.  The  experiments  of 
Mr  Cruickshank  have  thrown  more  light  on  its  composi- 
tion. He  obierved,  that  when  the  pyro-mucous  acid  ob- 
tained in  its  analysis  by  heat,  was  saturated  with  lime,  a 
strong  smell  of  ammonia  was  perceptible  i  hence  this  alkali 
had  been  formed  in  the  decomposition  of  the  gum,  and  of 
course  nitrogen  must  enter  into  the  composition  of  this 
substance.  He  farther  found,  that  the  residual  charcoal 
contained  a  little  lime.  In  part  combined  with  phosphoric 
jcid.  From  one  ounce  of  gum  arabic  exposed  to  heat  in 
a  reion,  there  were  obtained  3  drachms  and  SO  grains  of 
pyro-mucous  acid,  diluted  with  water,  and  mixed  with  a 
little  empyreumatic  oil ;  the  residuum  of  charcoal  amount- 


OR  UL'CILAGE.  llj 

^  ro  I  draclun  46  grains ;  S7S  ounce  measures  of  aciial 
diid  were  collected  in  the  apparatus  connected  with  the 
which  93  were  carbonic  acid,  and  the  remaining 
variety  of  catburetted  hydrogen  that  is  obtained 
listened  charcoal  by  exposure  to  heat.  The  char- 
cnl,  when  burnt,  left  a  whitish  powder,  amounting  to  a- 
bon  10  grains,  which  was  found  to  be  lime,  mised  with 
imxj  ■null  portion  of  calcareous  phosphate.  Similar  re- 
nin irere  obtained  from  the  substance  named  gum  traga- 
an&i  one  ounce  of  it  yielded  4  drachms  5  grains  of  pyro- 
ffiucous  acid,  I  drachm  45  grains  of  charcoal,  78  ounce 
_  mwnres  of  carbonic  acid  gas,  and  91  ounce  measures  of 
^^^bptted  hydrogen  gas.  The  acid,  wlien  supersatutat- 
^^^Krlimc,  gave  more  ammonia  than  was  disengaged 
^Bm  acid  obtained  in  th?  decomposition  of  gum  arabic; 
iIk  charcoal,  when  burnt,  left  a  white  residuum  of  12 
ffim,  which  was  found  to  consist  of  time,  with  a  little 
tUcaieout  phosphate.  Lime  was  also  discovered  by  re- 
tmn  in  the  solution  of  gum  aiabic  in  water :  when  a 
Rail  quantity  of  sulphuric  acid  was  dropped  into  it,  needle- 
liboyKals  were  slowly  deposited  ;  and  when  these  were 
)^d)llolved  in  distilled  water,  and  oxalate  of  ammonia 
'''■ltd,  a  copious  precipitate  of  oxalate  of  lime  immediate- 
ly toolt  place  •. 

VuiifueUn  has  given  some  additional  facts  on  the  ana- 
'jtiiaTguti].  He  not  only  found  carbonate  of  lime,  with 
> lule  phosphate  of  lime  in  the  a&hes  left  after  the  com- 
■■Wioti  of  gum,  but  likewise  a  small  quantity  of  oxide  of 
"W.  The  lim«  he  supposes  to  exist  jn  it,  combined  with 
I'  Kid  { u  the  solutions  of  gum,  instead  of  giving  any  in- 

•  RoUo  oa  Uiabetet,  p.  462.  465. 
H3 
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dications  of  pure  lime,  indicate  acidity;  and  a  bit oSgaWf 
rubbed  on  paper  moistened  with  a  blue  vegetable  juice^ 
rendered  it  red.  The  onljr  soluble  compounds  of  lime 
with  a  vegetable  acid  are  those  with  the  malic  and  with 
the  acetic.  The  former  is  only  soluble  with  an  excess  of 
acid ;  it  is  probablci  thereforCf  that  it  is  with  the  acetic* 
acid  that  it  is  combined,—^  probability  confirmed  by  the 
consideration}  that  acetic  acid  exists  in  the  sap  of  vegeta- 
bles of  which  gum  appears  to  be  one  of  the  first  products  *• 

From  the  experiments  on  the  composition  of  gum,  it  fol- 
lows, that  its  ultimate  elements  are  carbon,  hydrogen9  and 
oxygen,  the  proportion  of  oxygen  being  less  than  in  sac- 
charine matter;  but  that  with  these  are  also  combined 
smaller  proportions  of  nitrogen  and  lime.  From  the  ad- 
dition of  these  last  elements,  an  important  difference  is  es- 
.  tablished  between  gum  and  other  two  principles  with 
which  it  has  some  relations,  fecula  and  sugar :  they  are 
capable  of  being  made  to  pass  into  the  vinous  fermenta- 
tion, which  gum  is  not ;  and  this  diiference  appears  to  be 
owing  to  their  presence,  principally,  perhaps,  to  that  of 
the  lime.  Mr  Crulckshank  accordingly  found,  that  when 
lime  was  added  to  a  solution  of  sugar,  the  latter  was  ren- 
dered incapable  of  undergoing  the  fermentative  process  f. 

Gum  is  usually  obtained,  cither  by  spontaneous  exuda- 
tion, or  by  incisions  made  in  the  trunk  and  branches  of 
trees.  Its  existence  in  vcpetnblcs  is  easily  detected.  The 
vej^ctahle  substance  is  boiled  with  water  :  the  water  dis- 
solves  the  ^um  \  and  if  the  vegetable  contained  much  of 
it,  the  decoction  will  be  glutinous.    It  may  be  allowed  to 


*  Nicliolson's  Journal,  vol.  xii.  p,  *J'*]. 
I    K<)!!t>  on  Dlalr  !;^,  p.  -IT I 
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ttuid  till  tlie  impuTitics  have  subsided:  it  is  then  to  be  e> 
Mpontcd  to  the  consistence  of  thin  syrup.  The  addition 
of  three  pxrls  of  alkoliol  will  precipitate  the  gum.  The 
tfiktf  from  the  other  teats  already  mentioned,  aho  dis- 
tinguiih  it. 
•  Of  the  diffenai  gums,  chose  obtained  by  spoiiianeou^ 
t)fuiluioR  are  the  purest,  though  they  also  difier  in  purity, 
udio  tome  of  their  qualities,  as  produced  from  difiereni 
plmu.  The  pure&t  of  them,  the  Gum  Anbic,  is  the  pra< 
diiee  of  the  Mimosa  nilatica,  a  plant  a  native  of  Egypt  an<l 
Anbia.  It  is  white  or  yellowish,  semi-transparent  and 
Wilde,  perfectly  insipid,  and  free  of  odour,  h  is  easily 
nlufalc  in  water,  farming  a  viscid  solution.  Gums  exude 
fica  ilie  cherry,  plum,  and  other  trees  of  this  country, 
*Qf  timilar  in  their  qualities  to  the  gum  arabic,  but  less 
puit,  lad  more  cobured.  Dr  BostocL  has  found,  that  the 
■SiKU  of  re>agents  on  the  cherrytrec  gum  are  different 
'■on  those  they  produce  on  gum  arabic.  .Acetate  nf  lead 
^OOt  diruw  down  a  precipitate  from  the  mucilage  of 
^chetry-tree  gum,  as  it  does  from  that  of  the  other; 
■n  H  only  a  slight  tendency  to  coagulation  occasioned, 
■id  the  gam  is  at  length  separated  from  its  solvent,  in 
^  Slunenu.  Kitro-muriate  of  tin  conrerts  it  into  a  so- 
'■<!)tUy;  the  solution  of  red  sulphate  of  iron  causes  no 
piMiliitidon  nor  coagulation  in  its  solution  -,  neither  does 
^l»bal  precipitaic  it :  a  number  of  &laments  are  formed, 
'^  li«  greater  part  of  the  mucilage  appears  to  incorporate 
*lAthealkohDl.  * 

Another  substance,  which  has  been  ranked  as  a  gum, 
"<W  named  Ttagacanih,  the  produce,  by  exudation,  of 
'"''  Astragalus  tragacanclia.     It  has  always  been  observed, 
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that  though,  in  the  greater  number  of  its  properties,  it  it 
similar  to  gum,  there,  are  some  in  which  it  diflPers ;  and 
Hermbstaedt^  from  these  differences,  considered  it  as  a  va« 
riety  of  what  he  named  Mucilage.  It  is  not  so  easily  so* 
luble  in  water  as  gum.  When  put  into  cold  water^  it 
merely  softens  and  swells  without  being  dissolved.  When 
boiled  in  water,  it  b  so  far  dissolved  as  to  communicate 
to  the  Uquor  a  very  great  degree  of  viscidity  ;  a  very  small 
quantity  giving  even  the  consistence  of  a  jelly }  but  the 
solution  remains  somewhat  turbid,  with  a  number  of  fila* 
ments  diffused  through  it.  The  effects  of  several  re-agents 
upon  it  are,  according  to  Dr  Bostock's  experiments,  difieiw 
ent  from  those  in  gum  arabic.  Nitro-muriate  of  tiO)  in 
particular,  forms  with  its  mucilage  immediately  a  firm  co- 
agulum  i  the  solution  of  red  sulphate  of  iron  neither  co« 
agttlttes  nor  precipitates  it  *,  and  it  is  not  precipitated  by 
silicated  potash. 

The  mucilages  extracted  by  infusion  from  a  number  of 
seeds  or  roots,  such  as  the  linseed,  quince  seed,  althxa-root, 
&c.  have  the  general  qualities  of  solution  of  gum,  being 
thick  and  viscid,  insipid,  inodorous,  and  indefinitely  solu- 
ble in  water.  Yet  they  also  exhibit  some  differences,  e- 
spccially  from  the  effects  of  re-agents.  Mucilage  of  lin- 
seed is  not  precipitated  by  silicated  potash,  nor  is  it  affect- 
ed by  red  sulphate  of  iron,  while  super-acetate  of  lead  and 
nitro-muriate  of  tin  occasion  in  it  a  considerable  opacity. 
Alkohol  precipitates  slowly  from  it  its  solid  matter  in  a 
fibrous  form,  without  rendering  the  fluid  opaque.  The 
other  mucilages  .:ppear  not  to  differ  much  from  this. 

The  differences  which  thus  exist,  in  different  substan- 
ces regarded  as  varieties  of  gum,  particularly  in  the  eficct:* 
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of  different  re-agent8»  do  not  appear  to  be  very  essential ; 
it  can  scarcely  even  be  affirmed  that  they  are  constant^  for 
die  results  are  often  diflferent  in  the  experiments  of  differ- 
ent chemists ;  they  probs^bly  frequently  arise  from  some 
degree  of  intermixture,  as  from  a  small  portion  of  fecula, 
or  other  analogous  principles  being  extracted  along  with 
the  gum  s  and  even  when  they  do  not  depend  on  thisi  they 
probably  arise  froita  slight  variations  of  composition^  which 
cannot  be  regarded  as  sufficient  to  change  the  essential 
cbaracters  of  the  species.     Mr  Cruickshank  accordingly 
foondi  that  gum  arabic  and  tragacanth,  which  may  be, 
placed  at  the  tw>  extremities  of  the  series,  as  dlsviating 
OMMt  m  their  properties,  are  of  the  same  composition ;  thkj 
aAfded,  when  decomposed,  not  only  the  same  products, 
composed  of  carbon,  hydrogen  and  oxygen,  but  gave  the 
nitvogen  and  lime  which  are  more  peculiar  to  the  consti- 
totioD  of  gum. 

From  some  of  the  vegetables  of  this  country,  gum  or 
nociiage  may  be  extracted  in  such  quantity,  that  they  af- 
^ai  source  whence  an  abundant  supply  may  be  derived 
for  its  consumption  in  some  of  the  arts,  particularly  in  ca« 
lico-printing,  in  which  it  is  largely  used.     Mr  Willis  some 
rvi  ago  observed,  that  the  root  of  the  plant  called  blue- 
1^  or  hare-bells  (Hyacihfiius  non-scriptus)  is  extreme- 
It  mocilaginotts*     A  pound  of  the  bulbs  of  this  root,  when 
''ied,  yielded  about  four  ounces  of  a  powder,  which,  by 
"**ctration  in  water,  gives  a  strong  mucilage,  and,  when 
^^  for  the  purpose  of  thickening  the  mordant  and  fixing 
^«  colours  in  calico-printing,  was  found  to  answer  equal- 
ly Well  with  gum  arabic,  when  used  in  the  same  proper- 
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tion  *•  He  has  since  discovered  other  vegetableSt  the  roots 
€^  which  afford  a  mucilage  equally  strong  with  that  of  the 

s 

Hyacinthus  noh-scriptust  particularly  the  vernal  squii 
(Scilla  vema)  and  the  white  lily  (Lilium  candidum),  and 
which  might  be  used  as  substitutes  for  gum  arable  when 
it  bears  a  high  price  f.  Some  experiments  on  the  muct« 
lage  of  the  Hyacinthus  non-scriptus,  and  on  its  application 
to  useful  purposesi  have  been  likewise  made  by  Leroux. 
He  has  given  difierent  methods  of  preparing  it :  that  which 
on  the  whole  answers  best^  is  to  macerate  the  bulbs  of 
the  root  in  a  sufficient  quantity  of  water  to  form  a  thick 
mucilage,  which  is  expressed,  and  dried  bf  exposure  to  the 
air.  This  mucilaginous  matter  appears,  from  his  experi* 
meots,  to  have  all  the  properties  of  gum  :  it  afibrded  the 
same  product ^  by  analysis,  and  suffered  similar  changes 
from  the  action  of  the  acids  %,  Dr  Bostock  has  remarked, 
that  it  obviously  contains  a  quantity  of  starch. 

A  discovery  of  perhaps  still  more  importance  in  the  arts, 
is  that  of  a  method  of  extracting  a  mucilage,  which  may 
be  employed  as  a  substitute  for  gum,  from  the  different 
lichens  which  grow  on  the  bark  of  our  common  trees  and 
shrubs.  The  method  was  discovered  and  made  public  by 
Lord  Dundonald  §.  **  The  lichen  dees  not  consist  entire- 
ly of  a  gummy  matter.  There  is  the  outer  skin  or  cuti- 
cle ;  below  that  a  green  resinous  matter ;  the  remainder 
of  the  plant  consists  of  partly  gum,  partly  a  matter  some- 


*  Nicholson's  Journal,  8vo,  voL  vii.  p.  30. 
t  Ibid.  vol.  ix.  p.  234. 
%  Annales  de  Chimie,  torn.  xl.  p.  145. 
§  Philosopliical  Magn/ine,  vol.  x.  p.  293. 
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» 

what  analogous  to  ininvd  substances^  and  a  small  propor- 
tkm  of  fibrous  matter,  which  cannot  be  dissolved  bj  boil- 
ings or  the  action  of  alkaline  salts. 

^  The  first  process  in  preparing  gum  from  the  lichen  is 

to  free  it  of  the  outer  skin  of  the  plant  and  the  resinous  ~ 

nntter.    This  is  done  by  scalding  the  lichen  two  or  three 

times  with  boiling  water,  allowing  it  to  remain  so  long  ui 

die  water  as,  by  absorbing  it,  to  swell :  in  doing  this,. the 

ikin  cracks,  and  comes  off  along  with  the  greatest  part  of 

the  resinous  matter.    Or  it  may  be  freed  from  them  by 

gendy  boiling  the  lichen  for  about  fifteen  or  twenty  mi- 

imtes,  then  washing  it  in  cold  water,  laying  it  afterwards 

ttpoQ  I  stone  or  brick  floor,  where  it  should  lie  for  ten  or 

twdfe  hours,  or  peiiiaps  more.    The  reason  for  this  is, 

•that  the  exposure  for  that  time  to  air  greatly  facilitates  the 

Mbseqnent  extraction  of  the  gum. 

'*  The  scalded  lichen  is  then  to  be  put  into  a  copper 
boiler  with  a  due  proportion  of  water,  two  wine  gallons 
to  erery  pound  of  lichen,  and  boiled  during  four  or  five 
kmri,  adding  about  half  an  ounce  or  three  quarters  of  an  • 
^^tuice  of  soda  or  pearl-ashes  for  every  pound  of  lichen  ; 
^i  instead  of  these  salts,  about  half  an  English  pint  of 
vobtile  alkali*  The  boiling  should  be  continued  until  the 
«<|sor  acquires  a  considerable  degree  of  gummy  consist* 
^e.  It  is  then  to  be  taken  out  of  the  boiler,  and  allowed 
^  drain  through  a  wire  or  hair  cloth.  The  residuum  is  to 
'^putinto  aiiair-cloth  bag,  and  to  be  squeezed  in  a  press 

• 

ttmibr  to  that  which  is  used  by  the  melters  or  rinders  of 
tallow. 

'*  ITie  first  boiling  does  not  extract  the  whole  of  the 
?^.    The  lichen  should  be  boiled  a  second  and  even  a 
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duid  dme,  vepodng  Ab  tpioceM  as  abofe.  dejcrihcdj  & 
minMiing  at  cadi  piooesa  the  quantity  of  vatw  and  ika 
qvaatity  of  aDcaHy  which  a  litck  ciperienoe  will 
Km*  When  thrae  boilings  are  employedy  the  goflsmy 
tiact  of  di«  last  boiling  ihonU  be  kept  for  the  finthoiiiqi 
of  a  firesh  batch  of  lichen.  The  extract  piDcesdinf  baai 
the  first  and  second  boilings  ihonld  be  mind  togokett 
and  etapooted  to  the  consistence  necessary  fiir  bbdi  oi 
piess  piintii^.  The  efaporatxng  vessds  shonld  be  of  tin 
or  thin  lead»  placed  Ofcr  a  range  of  sto^esy  and  Bi6daBHd| 
heated  by  fire  or  the  steam  of  water •''^^^  When  thia 
^  dbge  is  to  be  employed  for  making  inkf 
and  stainii^  PH*^*  ^'^  ^  stifiening  ulkst  crapesi  and 
gansesi  it  ihonld  be  extracted  from  the  lichen  widiontcaa- 
ploying  any  alkaline  salts,  continuing  the  boiling  or  diges* 
non  longer!  suid  With  a  moderate  degree  of  heat,  in  which 
case  the  gummy  extract  will  be  nearly  colourless.  When 
volatile  alkali  is  used,  the  boiler  should  be  of  iron,  as  vola- 
tile alkali  acts  on  copper/'  From  a  calculation  which 
Lord  Dundonald  adds,  it  appears,  that  the  mucilage  thni 
obtained  may  be  used  with  much  advantage  as  a  substitute 
for  gum;  and  it  has,  I  believe,  been  employed  by  the 
calico-printers  of  this  country,  at  least  in  some  of  their 
processes.  There  is  some  reason  to  believe,  that  the  sub- 
stance thus  extracted  from  lichen  approaches  nearer  to  the 
nature  of  fecula  than  of  gum.  It  is  highly  nutritious ;  and 
Proust  in  a  memoir  on  its  use  as  food,  has  remarked,  that 
it  is  not  soluble  in  cold  water  *. 

Pure  gum  is  not  an  active  substance,  considered  as  to  its 


^  NichoUon*!  Journal,  vol.  xvi.  p.  210. 
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on  ihe  living  gystem.  In  medicine,  it  is  only  used 
for  its  lubricating  quality  ;  and  lo  little  activity  does  it  ex- 
en,  thai  it  has  often  been  taken  for  a  considerable  time  as 
a  article  of  food.  Though  thus  inactive,  the  vinuea  of 
njiny  vegetables  depend  on  a  gummy  matter. 

From  its  chemical  properties,  gum  is  of  rather  more  im- 
pomncc.  As  a  component  part  of  vegetable  matter,  it 
tcndcri  the  other  pans  more  soluble  in  watery  liquors.  In 
phirmacy,  it  ts  often  used  as  a  medium  to  suspend  oilsj 
luluni«,  and  resins,  in  water.  In  the  arts,  the  different 
gums  are  applied  to  various  purposes,  from  their  adhesive 
qulity,  and  to  diffuse  powders  in  watery  iluidj  -,  ihejr  aie 

t  dying,  ink-making,  calico-printing,  Sec. 
Wcnii,  or  Starch,  is  appropriated  to  a  sub- 
Asev  misting  in  vegetables,  similar  in  many  of  its  pro- 
P<Rin  to  gum.  It  is  a  dry,  white,  insipid  powder,  which 
^onnt  the  principal  part  of  the  nutritive  grains  and  roots. 
'■  ii  Ktracted  from  them  by  beating  them  in  water,  or  by 
*otking  the  powder  of  them,  made  into  a  paste  with  wa- 
^1  in  the  hand:  the  soluble  parts  are  dissolved  ;  the  fi- 
D'outand  glutinous  parts  remain  luialtercd  ;  and  there  is 
*fiaed  through  the  water  a  fine  white  powder,  which 
family  subsides,  and  may  be  dried.  This  is  termed  the 
^«uU  of  the  plant. 
"  wheat  flour,  for  example,  be  subjected  to  this  opcrit' 
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ttiofit'-Hf  i  quatitkf  of  k  l^lnade  imt^  XfMt  with  MMtIr, 
iocMed  m  4  kmgi  tni  wiMig^MlitMilyy  wlult » ttfMM^ 
of  water  is  pottftd  vpmHt^die  gfeoMr  pttt  of  itlsiaMM 
offin«lh^<brm  of  k  idikoMWdcV)  wdiidi  fbraM  tke  Mte^ 

*  stance  commotiljr  Mined  9(ardiw "  Thii  faa -puie  ftftiar 
A  miiilaf -  pfwvct  nay  n  cbcnnM  rfonl-fyv^  atNl}''iir|p0" 
nerafi-all  Ih6ae  gritM  wMA -are  useA  «t  fdoA.'-  It  cm  Air 
DC  oovaHMsi  ivHn  nie  pomoOf  anii-  ifoni  ovMf  looii  na 
sieinf  ft  pljfiis* '  SouMlimiea  it  is-^JLU'iCMiu^irMi  Ao'ttioac' 
iWMnovk  Of  acfffl  pisuifBy  tbe  |K>nta0tl9'W  tcfidi  nattlw 
b^hf 'soMile  Iri  the  watef^  and  Mtig^'  at  mmrtei^  aaaily  e^; 
{MaM'Iroift the feeUlf. '•  •      '•  ■■■•  •'•••■"       ■■h-.-"  :•  .j^> 
Tne*  |i^niiCipiu  dtl  tMiie  la  the^ itMrai  ^01  Wheati  %Uw w 
prepared  in  the  ibilowing  manner :  The  gndni  well  clettw 
ed»  b  kept  in  cold  water  nhflnnoften  and  swelH  to  thil 
the  httik  aeparatesi  bjr  presfwn^  h  then  gttes  out  a  milky 
fluid.    The  grains  are  put  into  a  hempen  bag,  and  press* 
ed  or  beat,  cold  water  being  poured  on  them  in  sufficient 
quantity.  The  fecula  is  pressed  out,  and  diffused  through 
the  water.     As  the  water  receives  from  the  gram  at  the 
same  time  a  qnantity  of  saccharine  matter,  it  soon  nins^ 
in  the  temperature  at  which  it  is  kept^  into  the  acetottS: 
fermentation  ;  and  the  weak  acid  thus  formed,  by  digest- 
ing on  the  fecnfab  renders  it- whiter  than  it  otherwise 
would  be,  apparently  by  dsssofaring  part  of  the  ghiten  of 
the  wheat.     After  it  has  subsided,  the  clear  liquor  is  ran 
oflf;  the  precipitate  is  repeatedly  washed  with  water ;  it  n 
then  pressed  in  a  cloth,  is  cut  into  small  pieces,  and  dried 
with  a  moderate  heat*. 


*  The  proccs*-!,  is  it  i»  conducted  in  this  country,  is  more 
particularly  d.-scribc-d  in  Aikin'i  Chemical  Dictionary,  article 
Starch. 
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When,  by  any  process  of  tlus  kind,  a  fecula  is  obtained 

pare»  it  exists  mnder  the  form  of  a  light  white  powder,  - 

easily  divisible,  and  very  soft  to  the  toacb,  and  when  sur- 

wyed  in  a  strong  light,  appearing  to  be  in  the  state  of 

mioitte  brilliant  grains :  it  is  insipid,  and  tnodoroiis.  Some- 

tines  it  remains  united  with  some  of  the  other  principles 

of  the  phot,  from  which  it  receives  coloar,  smell,  or  taste. 

The  peculiar  property  by  which  this  principle  is  clearly 

distingiushed  from  every  other,  is  its  complete  insolubility* 

IB  ooM  water,  ^iriiile  with  hot  water  it  forms  a  gelatinous' 

solution*     Its  ins^dubtlity  in  cold  water  is  very  evidently 

shown  in  the' mode  in  which  it  is  prepared,  as,'  although 

it  is  agitated  in  the  water,  and  suspended  in  a  state  of  very 

ninute  division,  no  part  of  it  is  dissolved*    Its  solubility 

ia  hot  water  is  discovered,  by  diflFbsing  a  little  of  it  in  cold 

water,  and  heating  the  mixture  to  a  temperature  of  160  or 

IM,  or  by  pouring  boiling  water  on  it.    In  either  case, 

a  solution  of  it  takes  place,  more  or  less  gelatinous,  ac« 

conSng  to  the  proptfhion  of  water  employed.     This  jelly 

maj  be  dried  into  a  stiff  hard  mass>  which  is  still  indoki« 

Ue  in  cold,  soluble  in  hot  water. 

By  forming  a  gelatinous  solution  in  hot  water,  fecula  ap« 
pears  to  approach  to  the  nature  of  gum ;  but  its  insolubi- 
lity in  cold  water  distinguishes  between  them,  and  charac- 
terises it  as  a  peculiar  principle. 

There  is  another  chemical  quality  by  which  it  is  not 
less  unequivocally  distinguished ;  it  is  capable  of  being 
converted  into  sugar,  and  of  thence  passing  into  the  vin- 
ous fermentation,  which  neither  gum  nor  any  of  the  other 
TegetaUe  principles  is. 
Fecula  is  entirely  insoluble  in  alkohol,  or  in  ether. 
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«  Exposed  to  heat  in  contact  with  the  sur,  it  blackeoSf 
swells  np,  and  forms  a  spongjr  chorcoal.  If  strongly  beat- 
ed|  it  bums.  When  heated  in  close  vesselsy  it  afibrds  a 
large  quantity  of  dilute  pyro-mucous  or  acetic  acid«  with 
a  little  empyreuQiatic  oil  ;  carbonic  acid  and  carburetted 
hydrogen  gases  are  extricated,  and  a  portion  of  charcoal 
remains.  From  this  analysis,  fecula  appears  to  be  a  ternary 
coinpound  of  carbon,  hydrogen,  and  oxygen.  Some  traces 
of  phosphate  of  lime  are  to  be  found  in  its  ashes;  bot  this 
may  arise  from  the  gluten  often  associated  with  fccvlat  a 
small  portion  of  which  may  adhere  tb  it. 

The  action  of  the  acids  on  fecula  is  somewhat  analogous 
to  that  which  thiey  -exert  on  ^um.  When  much  diluted 
with  water,  they  dissolve  it,  especially  if  the  temperatnxe 
be  raised,  and  form  a  gelatinous  solution..  If  concentnl* 
ed,  they  decompose  it.  Sulphuric  acid  blackens  it»  by 
evolving  a  portion  of  charcoal ;  and  water  and  acetic  acid 
are  formed.  Nitric  acid  does  not  char  it,  but  dissolves  it, 
nnd  affording  oxygen,  converts  it  iifto  malic  and  oxalic 
acids.  This  action  takes  place  most  completely  when  the 
nitric  acid  is  a  Itttle  diluted,  and  a  moderate  heat  applied. 
Muriatic  acid  dissolves  it,  producing  a  decomposition 
which  has  not  been  examined. 

The  alkalis,  when  in  solution  in  water,  dissolve  fecula  or 
reduce  it  to  the  consistence  of  a  jelly,  without  the  assist- 
.Aicd  of  heat.  The  acids  separate  it  from  this  combination. 
l)r  Bostock  finds,  that  the  solution  of  starch  is  precipitat- 
c  d  vcTy  copiously  by  acetate  of  lead,  the  combination  of 
the  starch  and  oxide  of  lead  being  so  complete,  that  the 
V  atcr  of  the  jolut.on  rtni.iins  limpid.  Nitro-muriate  of 
*"»  throws  down  liktwi^c  an  abundant  precipitate.      Sili- 
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tXti  potash  causes  no  obvious  change.     Alkohol  throws 
<io»n  3  precipitstc  similar  to  that  from  solution  of  gum. 

There  are  few  plants  which  do  not  afford  more  or  less 
of  thit  principle ;  and  it  is  contained  in  all  the  nutritive 
Ktii  and  roots.  It  is  generally  mixed  or  combined  with 
iitW  principles,  and  sometimes  intimately,  so  as  not  to  be 
niilf  separ^ited.  It  does  not  appear  to  be  completely  form> 
cd  but  in  (lertaiu  stales  of  frcgetaiinn.  Thus,  in  the  nutri- 
tive gruDS)  it  is  perfect  only  when  they  have  attained  ma- 
'inty.  previous  to  that  period,  it  is  in  a  state  approadi- 
mg  Lo  mucilage  mixed  with  aaccharine  matter,  li  is  pro- 
iiblj  formed  ftoRi  mucilage  in  the  progress  of  vegetation  i 
•ni  l.xmas,  in  his  experiments  on  the  mucilage  of  some 
"i  the  tuberose  roott,  observed,  that,  in  the  mere  dry- 
t:ij  of  t)ie  mucilage,  especially  towards  the  end  of  the  pro- 
^fii,  t}\ea  the  matter  began  to  lose  its  humidity,  a  portion 
«f  n  ijipeared  to  be  converted  into  fecula  •. 

Hut  principle  is  sometimes  employed  in  its  pure  state 

<n<;i]idi]3l]y,  from  its  nutritious  <iuality,  and  from  being 

Oif  of  digestion.  Sago  and  salop  arc  feculas  of  this  kind. 

19  the  produce  of  the  Cycjs  ctrcinalis,  and  is 

from  the  pith  of  the  &tem  and  brandies,  by  ma- 

.»  water;  it  is  washed,  passed  through  aperforo- 

Itofftt  plate,  so  as  to  reduce  it  to  grains,  which  are 

ed,   Salop  is  the  produce  of  the  Orchis  mascula.    Ar- 

powder  U  s;uil  to  be  the  produce  of  the  M;irania 

!a.    CaMava  is  prepared  from  the  tuberoiie  root 

inaiiicc,  (Jatropha  Manihot).     With  the  fecula  of 

** root,  there  is  associated  an  acrid  and  poisonous  juice, 


*  .\nnale(  de  Cbimir, 
Vol.  IV,  1 


.  xl.  p.  156. 
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which  b  howevtr  coinplMely  separated  bf  washing)  in  ili« 
process  hj  which  U  i»  citutted.  The  roots  of  th«  Bryonia 
aibaadd  ihe  Arum  micuUlum  are  likewise  composed  prin- 
cipally of  fccuh,  associated  with  acrid  matter,  wbich  it  80>. , 
pirated  in  tlie  piocess  by  which  the  fecuU  is  extracted 
from  them.  'ITiese  two  were  formerly  prepared  for  tne-, 
dicinal  use.  Wlieat  affords  perhaps  a  larger  quantity  of 
fccnla  than  any  otf  icr  vegetable  substance,  and  in  a  state  of 
perfect  purity.  A  very  pure  fecuia,  in  large  quantity,  is 
idso  extracted  from  the  potatoe,  the  root  being  peeled,  well 
cicaaed  and  rasped,  the  pulp  placed  on  a  hair-<«ieve,  and 
WMet  poured  on  it  until  the  fecuia  is  extracted,  which,  af- 
ter being  deposited)  is  washed  and  dried.  It  amounts,  ac- 
cording to  Ur  Pearson's  experiments,  to  from  1 5  to  1 7  parts^ 
in  lOU  of  the  root,  the  remaining  parts  being  water,  wiiit 
8  OI  9  of  fibrous  matter,  and  o  or  G  bf  muciljge  '  :  this 
fecuia  has  been  used  as  a  substitute,  in  stilfening  linen,  and 
timilar  purposes,  for  the  starch  of  whe^t.  Lastly,  some  of 
the  lichens  contain  a  large  quantity  of  fecuia  t  and  the 
Lichen  islandicue,  which  has  been  celebrated  for  its  mild 
nuiTLbve  quality,  consists  entirely  of  it,  so  as  to  aObrd  a 
fecuia  nearly  purci  when  reduced  to  powder.  Proust  hja 
given  some  observations  on  the  nicthud  of  preparing  it 
for  food  f. 

Fecuta  is,  of  any  variety  of  vegetable  matter,  best  adapt- 
ed to  the  nourishment  of  animaU ;  and  it  futniii  the  prin- 
cipal part  of  all  the  seeds  and  loots  which  arc  used  as  arti- 
cles of  food  by  man.     lu  high  nuiritious  power  is  well 


•  Repmory  of  Aits,  «J.  Jit.  p.  Ml*, 
t  Nichclion'B  Jourml,  vol.  kvI.  p.  StO. 
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Amijbj  the  fact,  that  some  of  the  most  nutritive  of  these, 
■4  which  even  alone  are  capable  of  sustaining  animal 
nH||th  anil  gfowth,  ai  rice,  or  the  potatoe  root',  contain  no 
idirpriDcifile  that  can  cf>niTibute  to  this,  biH  fecula.  Thus, 
ihtlitat  of  the  potatoe,  according  to  Dr  Pearson's  analysis 
of  it)  aotaim*  besides  fecula,  only  a  small  portion  of  tnu' 
all|e  tad  fibrous  matter }  yet,  as  he  remarks,  "  thdre  h 
nffioen  efidcnce,  that  the  potatoe  root  and  water,  With 
ammoa  salt  or  other  seasoning,  can  nourish  as  vrcll  aa  any 
edier  Tegetable  matter  and  water,  with  seasoning." 

Fecula,  besides  its  use,  either  pure,  or  under  the  form 
of  de  nutritive  grains  as  an  article  of  diet,  is  used  in  the 
aUe  of  its  gelatinous  solution,  for  pasting,  and  stilFening 
hta  or  other  kinds  of  doth.  It  also  enters  into  the  com- 
pooiion  of  some  pigments. 


RMKpmflted  oat  a  principle  analogous  lo  fecula,  though 
tiaing  £roni  it  in  some  properties,  which  is  extracted 
bon  tiic  root  of  elecampane,  (Inula  helenium).  It  is  de- 
piited  n  the  form  of  a  white  powder  from  Uie  decoction 
oftbcroot,  after  it  has  stood  for  some  hours.  It  is  Jnso- 
hUe  ia  cold  water  *,  is  soluble  in  boiling  water  :  the  solu- 
^  thoagh  li^id  while  hot,  becomes  gelatinous  as  it 
wilt  Bod  i^  'lie  course  of  some  hours,  the  solution  de- 
pniKt'tbe  greater  part  of  the  substance  dissolved,  in  the 
tisTB  of  a  compact  white  powder.  Alkohol  precipitatesit 
&om  tta  ulution  in  water.  This  white  matter,  thrown  on 
Mtraing  foci,  tnelts  like  sugar,  and  evaporates,  difTusing  a 
white  pungent  smoke,  leaving  a  small  coally  residuum. 
At  a  red  heat,  it  barm  with  a  vivid  white  flame.     By  dis- 
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(illationt  it  gives  an  empyreiAnatic  acid,  without  any  «m- 
pyreumatic  oil.  Nitric  acid  converts  it  into  malic  and 
oxalic  acid^  and,  when  in  excess,  into  acetic  acid.  From' 
ihese  properties,  it  is  inferred  by  Rose,  that  this  substance 
is  neitlier  gucn  nor  feculj,but  intermediate  between  thein  ; 
and  he  corsideis  it  as  probable,  that  several  producll, 
which  havb  been  regarded  as  varieties  of  fecula,  are  rather 
of  the  nature  of  this  powder  •.  It  is  probably  merely  a 
taciety  <)f-£ecula. 


with  ih*    1 


Saccharine  matter  is  very  generally  mixed  with 
ftcOb'ln  t&e  (ceds  and  roots  ■at  v«g6tabteR.  h  exkn  'aI«o 
In  still  luger  quantity  as  one  of  the-  accreted  or  proper 
jokes  if  the  plant.  It  is  'not  a  gmitaht  prihciplcy  b«r  is 
formed  dueflyi  or  iii  4tiy  conrid*rab1e  qUntity>  only  a( 
certain  periods  of  TegMatian.  In  f^uttSj  it  is  fouitd'  hi 
abutMfanceoitly  in  a  state  of  maturity;  and'in  those  plaiHS 
wbkh  aibri'it  in  largest  quantity,  it  is  more  abundant  U 
cendia  periods  than  at  others. 

Tke  ;plMit  named  the  fiugar  Cane  ( Arundo  saccharife- 
ra)  iM  bsCn.long  tukivated  for  the  production  of  sugar. 
The  jww  of  it,  at  acertaia  season,  coosists  principally  of 
•acdnrine  matter  :  It  is-  pressed  out  by  subjecting  die 


*  MidMliOM'i  Jounmli  tol,  sii.  p.  97> 
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ca&eii  cut  short,  and  tied  in  bundles,  to  the  pressure  of 
dueeoprigbt  iron  rollers  or  cylinders,  the  middle  one  of 
wUch  is  made  to  revolre.-  The^  expressed  juice  is  imme- 
(iiatdj  conreyed  into  copper  pans,  in  which  it  is  to  be  cla- 
rified. This  is  done  by  heating  it  with  a  quantity  of  pure 
qoiddime,  by  which  the  portion  of  acid  present  in  the 
joke,  and  which  prerents  the  concretion  of  the  sugar,  is 
neutralized  ;  the  lime  in  combination  with  this  acid,  and 
also  with  carbonic  acid,  and  with  a  portion  of  vegetable  or 
herbaceous  matter,  is  precipitated  :  towards  the  end  of  the 
operation,  a  scum  collects  on  the  surface,  consisting  of  the 
mucilaginous  and  oily  matter  of  the  juices,  with  any  gross* 
er  impurities  entangled  in  it.  When/diis  is  fully  formed, 
the  fire  is  damped,  and  the  liquid  is  allowed  to  remain  at 
Kst,  to  become  clear.  It  is  afterwards  run  into  the  eva- 
porating boiler,  in  which  it  is  made  to  boil,  the  scum,  as 
it  rises  to  the  surface,  being  removed :  it  is  removed  from 
Me  evaporating  vessel  into  another,  as  the  evaporation  pro- 
tteds,  until  it  be  so  far  boiled  down,  that  on  cooling,  the 
Mgar  will  concrete.  It  is  then  run  into  the  cooler,  a  large 
shallow  wooden  vessel,  in  which  this  operation  takes 
pbce  i  and  from  the  concrete  sugar,  the  remaining  liquid 
pvt,  the  Molasses  of  commerce,  is  drained  off  *. 

The  sugar  thus  obtained  is  in  the  state  of  small  crys- 
^ne  grains,  of  a  brown  colour,  and  is  not  perfectly 
pve.  It  is  sometimes  obtained  in  a  purer  state,  by  running 


*  A  more  ample  account  of  the  process,  as  carried  on  in  the 
Wen  India  Islands,  is  given  under  the  article  Sugar,  in  Aikin's 
I^ionaiy  of  Chemistry ;  and  the  improvements  in  it  proposed 
^'y  ^  Higgim,  are  given  in  the  24th  volume  of  the  Philoso- 
i^  Magazine, 
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tbc  iiupiuatcd  }uice  into  vrsseU  of  a  corneal  fain],  the 
Bpcx  of  tlit  cono  being  undermostt  in  which  U  is  allowed 
to  concrete  ;  by  bd  apcnure  at  the  botiom,  the  leinaimng 
liquid  is  withdrawn,  and  there  is  applied  to  the  bate  of 
the  cone,  or  the  uppcTinost  part  in  its  inverted  postiion, 
a  layer  of  clay,  which  is  kept  moist  will)  water :  this  water 
Citrates  slowly  through  the  fiugar,  and  more  completely  re- 
moves the  molistes. 

In  Europe,  tlie  sug^  is  puriSed  by  a  process  somewhai 
aimllar.  It  is  dissolved  in  linie>waier,  and  boiled,  the  lime 
being  supposed  to  neutralize  a  small  portion  of  acid  that 
is  still  present  in  the  unrefined  sugar :  a  quantity  of  blood 
is  adilcd,  which  forms  a  coagulum  during  the  boiling,  that 
rises  to  the  surface,  and  entangles  the  impurities.  The 
clear  liquor  is  boiled  down  to  the  proper  oonustence :  it  is 
run,  when  cold,  into  conical  chy  moulds,  which  are  placed 
with  tbt  apex  of  the  cone  undennoft :  when  it  hu  &»* 
atufi  concrete,  an  aperture  ia  nude  mt  this  point  t  {Ik  baar 
of  the  cone  ii  cor«ed  vith  cby,  vrfuch  is  ■unctaocd  villi 
water  i  and  thia  water,  slewly  transuding  tbnM^h  itw 
■agar*  dilutes  and  rcmorei  any  superfluooi  eymp  i  tha 
CM^cal  loavea  are  then  dried  in  a  stove.  Tkis  optntia* 
ia  eTen  ■oractimca  repeated :  the  aogar  ia  tluia  bioa^tf  I* 
ihf  atat*  of  greatest  parity :  it  is  in  tlie  fonn  of  a  satMt 
mnpoMfl  of  crystalline  grain*,  «4ute,  and  having  a  taite 
perfectly  »wcet»  without  anf  peculiar  iavonr. 

Other  plants  beaidea  die  sugar  cane  produce  laodunins 
matter  in  audi  abundance,  that  it  it  eztnOrd  from  dMB. 
In  Ajntricsi  luge  quantities  are  obtained  firom  die  Sf^ff 
maple,  {Acer  wacharinBgi).  According  to  tbr  a^qpn^i  of 
die  mode  of  etttacting  it  j^ren  by  Dr  Rudi,  ^  iiiiifhiT 
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It  abundant  in  th«  rr««  in  the  spTiDg  months : 
ibe  Item  of  (he  tree  is  at  that  season  bored  with  an  augeri 
the  ioMniment  being  introduced  about  three-fourths  of  an 
inch,  attd  in  an  ascending  direction^  and  the  aperture  be- 
iaj  JtcTwatds  deepened  gradually  to  the  extent  of  two 
inches.  When  the  juice  cvanes  to  flow  from  this,  or  ts 
much  (liminisficd  in  quantity,  a  bimiiar  aperture  is  made 
niDotber  part  i  aiid  in  (he  course  of  from  four  to  sii: 
vctki,  during  which  ihe  juice  continues  to  flow,  a  large 
qumtity  is  collected.  The  saccharine  matter  is  procured 
'  [torn  it  by  boiling  it  until  the  greater  part  of  the  auper- 
Bui>as  water  is  dissipated  ;  a  small  <]uantity  of  slacked  lime 
being  added,  with  a  portion  of  milk,  or  of  the  white  of 
eggs  to  clarify  it,  and  a  Htiie  buiier,  to  prevent  the  liquor 
Horn  Ixiiling  over  the  vessel.  The  sugar  is  made  to  con- 
crete, and  is  cUyed  and  refined  nearly  in  the  same  man- 
iwit  i(  praciised  in  the  manufacture  of  sugar  from  the 
lupr  cane.  Prom  the  Juice  yielded  by  a  tree  of  the  usual 
^tt,  ftve  pounds  of  sugar  may  be  extracted,  and  the  oper- 
aiion  can  be  repeated  annHftlly,  the  tree  not  being  injured 
bf  die  tapping  •.  The  tree  begins  to  afford  tiie  saccharine 
juict  when  twenty  years  old,  and  ceases  to  afford  it  when 
'llWH  sixty  or  seventy  years  of  age. 

"Vix  beet  (Beta  vulgaris),  the  parsnip,  (Pastinaca  3at!va)^ 
thecmot  (DaucuG  carotta),  the  turnip  (Drassica  rapa),  and 
•ereril  other  plants  allied  to  these  in  their  natural  charac- 
'en,  are  known  to  contain,  at  certun  periods  of  their 

tjuice»  possessed  of  a  considerable  degree  of  swect- 
isactlont  of 


■osactlont  of  the  American  Philosophical  So<:icty,  i 
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netSy.  deposited  principally  in  &dr  roots ;  and  Vbojgaai 
long  ago  extracted  frmn  all  of  diem  a  portiott  of  woffBt  *• 
A  few  years  agoj  the  prodnction  of  sugar  from,  the  beet 
engaged  in  particular  the  attention  of  the  German  cheioiMi 
and  it  was  supposed,  that  it  might  be  cultivated  with  ad* 
vantage,  to  obtadn  a  substitute  for  -the'sugar.  of  the  West 
India  islands.  Difiinrentmenmrsontliis  subject  have  been 
published  bfAchardf,  Hermbstaedt  t$  Lampadina  It  and 
ethers.  The  general  process  for  extracting  it,  as»descr3>- 
ed  bjr  Achard  %$  cibn^sts  in  softemng  the  roots»  by  beffing 
in  water,  cuttmg  them  in  slices,  and  expressing  the  juiBe 
byapress.  Theexpressed  juice  is  stnuned,  and  is  reduced 
by  bcttling  to  about  two-thirds.'  Itis  then  strained,  and  is 
xeduced,  by  further  boiling  in  a  smaller  boiler,  to  about  ooe^ 
half.  It  is  strained  a  third  time,  and,  in  a  jtill  smaller  boilpi^ 
is  reduced  to  the  consbtence  oC  a  syrup.  This  S]nrup,  put 
into  shallow  earthen  vessels,  is  kept  in  an  apartment  heat* 
ed  by  a  stove  to  a  temperature  of  from  80  to  120  of  Fahr 
renheit,  until  the  sugar  is  deposited  in  an  irregular  crys- 
tallized mass.  The  remaining  liquid  is  poured  oflF,  and  the 
soft  mass  of  sugar  is  subjected  to  pressure,  gradually  in- 
creased, in  a  bag,  so  as  to  force  out  the  liquid  part,  and 
obtain  the  sugar  dry.  The  addition  of  a  portion  of  lime- 
water  in  the  boiling  has  been  supposed  to  facilitate  the 
concretion  of  the  sugar,  and  has,  in  particular,  been  re- 


♦  M^moires  dc  I'Acad.  dcs  Sciences  de  Berlin,  1 747* 

f  Nicholson's  Journal,  4to,  vol.  iii.  p.  2S7.  288. 

t  Ibid.  p.  333.  410. 

II  Annaks  de  Chimie,  torn,  zxxviii.  p.  76. 

f  Ibid.  torn,  xxxii.  p.  264. 
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commended  by  Lampadiusi  and  supposed  by  lilm  to  ope- 
nieby  nputrallziDg  the  acid  contained  in  the  juice.  He 
luiinircduced  some  other  variations  in  ihe  process,  :ik  en- 
pnEsing  the  juico  from  the  roots  without  preTious  boiling, 
adding  in  the  subsequent  boiling  a  portion  of  mill;,  which, 
bjiiiscoagulation,  serves  to  clarify  the  juice;  am!  reducing 
iKe  heat  considerably  in  [he  last  stage  of  the  evaporation  *. 
And  Achard,  in  a  process  which  he  has  given  subsequent 
to  (lie  first  he  proposed,  employs  a  little  sulphuric  acid  to 
foagalale  the  albumen  of  the  juice,  and  afterwards  lime, 
both  to  abstract  tliis  acid,  and  promote  the  ciystatlizatinn 
of  the  ntgar  |.  More  lately,  Hetmfastacdt  has  given  a 
prectu  ttill  more  simple,  and  less  expensive.  The  juice 
of  tlie  beet  being  expressed,  is  clarified  with  lime,  in  tlie 
«me  manner  as  the  juice  of  the  sugar  cane.  It  is  eva- 
ponied  to  the  consistence  of  syrup,  is  left  to  cool,  when  a 
CMtM brown  sugar  concretes,  leaving  a  portion  of  syrup  J. 
[■Home  former  expcrimentB,Hermbst3e<lt  obtained,  from 
12j  lb(.  of  the  roots  of  the  Beta  vulgaris,  S^  lb.  of  brown 
'"pr,  and  IJ  lb.  of  syrup,  which  drained  olT,  This  sugar 
™snihcr  a  disagreeable  taste,  but  by  clarifying  the  juice 
With  the  while  of  an  egg,  {for  which,  in  the  large  way, 
"B<d  night  be  advantageously  substituted),  the  sugar  is 
™«Bed  white  and  pure  {] ;  and  by  some  process  of  this 
^t'j  it  hat  been  manufactured  and  refined  so  as  to  he 
*V*1  to  the  common  refined  sugar  ^,  The  produce,  how- 
•**f»  iiTcry  various,  and  is  much  dependent,  as  Achard 


*  AddsIm  de  Chimie,  tom.  xxjiTiii.  p.  7ti. 
t  Kichol«on*s  Journal,  vol.  xii.  p.  259. 
i  Ibid.  Sto,  Tol.  «iii.  p.  267- 
)l  Ibid,  ito,  »ol.  ill  p.  I6S.         *T  Ibid,  p 
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Has  shewii)  on  the  n^ethods  prjicdsed  in  |he  cultivation  of 
the  plant  i  and  by  a  due  attention  to  thoee  drcumstancee 
by  which  the  production  of  saccharine  matter  is  increaaedy 
he  calculated,  from  his  experiments,  that  in  Germany 
brown  sugar  might  be  obt^ed  from  the  beet  in  the  large 
way,  at  an  expence  not  exceeding  threepence /vr  pound, 
f h  a  report  presented  to  the  National  Institute,  the  result 
of  the  calculation  is  rather  less  favourable  4  but  the  re* 
porter  admits,  that  the  experiments  on  which  this  was 
founded  were  not  sufficiently  varied,  nor  on  a  large  scale  *• 

The  fecula  of  vegetaUes,  it  has  already  been  remarked^ 
is  convertible  into  saccharine  matter  by  the  action  of  oxy« 
gen.  Thb  takes  place  in  germination,  and  when  perform- 
ed on  grain  previous  to  fermentation,  constitutes  the  pro* 
cess  of  malring.  Sugar  is  also  prpduced  in  the  animal 
'system  in  some  morbid  states,  and  is  discharged  by  some 
uf  the  secretions  in  considorable  quantity. 

Sugav,  when  pure,  has  a  perfectly  sweet  taste,  free  from 
any  peculiar  flavour :  it  is  inodorous  and  of  a  white  colour ; 
and  in  t'.e  state  in  which  it  is  usually  prepared,  is  in  mas- 
ses composed  of  brilliant  grains  :  the  sugar  from  different 
vegetables,  however,  often  retains  a  portion  of  extractive, 
mucilaginous,  or  oily,  matter,  from  which  it  derives  taste, 
flavour,  and  other  qualities. 

Sugar  is  abundantly  soluble  in  water  :  at  the  tempera- 
ture of  50  it  does  not  require  more  than  its  own  weight 
for  its  M)lution  :  at  a  higher  temperature  the  quantity  dis- 
solved is  greater  j  and  at  212"^  the  water  retains  any  quan- 
tity in  solution.     The  consistence  of  a  strong  solution  of 


*  Aonales  de  Chimie^  torn.  xxxv.  p.  134*. 
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lugu' in  water,  is  thick  and  viscid.  In  pltarroacy  it  is  nam- 
«J  S^up,  and  difierent  s^ups  are  prepared  from  vegetable 
jtiicei,  or  vegetable  infuiions,  by  adding  tlie  requitito  prtv 
fortioa  of  sugar. 

SugH  crfstallizes  from  its  saturated  solution ;  ilie  form 
of  the  crystals  is  a  prism  of  four  or  six  sides,  bercUcd  at 
each  extremity,  or  sometimes  acuminated  by  chree  planes  *. 
Sugar  is  likcwbe  soluble  in  alkohol,  and  the  solution  af- 
fords crystals  on  evaporation.  In  ilie  vegetable  analyus, 
UiU  solution  may  be  advantageously  employed  to  extract 
sugar  fram  those  vegetable  producis  which  contain  it  in 
Btnall  qiuntiiy,  as  it  frees  it  from  the  mucilage  which 
otlwtwite  adheres  to  it ;  and  by  slow  crystallization  it  may 
be  leparated  from  any  other  principle  which  the  aikohol 
had  dissolved.  By  this  process  Margraaf  obtained  pure 
sugar  from  a  number  of  vegetables. 

When  expoicd  to  heat  sugar  is  blackened,  swells  up> 
*>icl  bums  to  a  coal ;  and  if  the  heat  be  high  this  is  accom- 
panied wjth  flame.  The  products  of  its  combustion  are 
^►^tei  aad  carbonic  acid. 

The  filed  alkalis  combine  with  sugar  in  solution  in  wa- 
*^f :  the  alkaline  properties,  as  Lowitz  observed,  are  little 
altered  by  the  combination,  even  when  a  large  quantity  of 
»«g»r  is  used,  and  the  alkali  is  boiled  with  it.  The  sweet 
'^*ie  of  tlie  sugar  is  nearly  destroyed,  but  on  adding  sul- 
pbviic  acid,  and  precipitating  the  sulphate  by  alkohol,  the 
^wcRness  is  completely  restored  f.  The  compound  oE 
^ogar  and  potassa  appears  not  to  be  soluble  in  alkohol. 


*  Journal  de  Pbyticjue,  torn.  sUii.  p.  462. 
t  Cndckibink,  RpHo  on  Bi^ibeles,  p.  461. 


2 


140  OT  BVOAU. 

tlMmgli  both  Its  ingrediantt  are:  Mr  Cruidnllikiik  hxriog 
fmmi$  tint  iriien  alkcAoI  was  added  to-a  postion  ofijdv^  s»» 
lotton  of  sugar  and  pure  potatsa*  after  it  had,  been  boiled 
to  the  consistence  of  a  symp,  no'onion  took  piacCf  but  the 
aOcohoIf  thonghthe miltiue  was  repeatedly  agttated».swam 
on  the  surface.  - 

The  action  of  the  alkaline  earths  on  sugar  b  wiuhr  to 
that  of  the  alkalis.  In  boiling  a  solution  of  sugar  wkh  a 
little  limc>  Mr  Cruickshank  found,  thatthe  lime  combinei 
irith  the  sugar,  and  communicated  to  it  a  rtrj  bUtcr  a^ 
tringent  taste,  though  the  sweetness  still  in  some  degose 
remained  :  bj  eraporation  the  liquid  was  reduced  to  m  »> 
mi^transparent  substance,  much  more  tenaciovs  than  die 
thickest  syrup,  and  having  a  rough  bitter  taste  ouaedwidb 
a  certain  degree  of  sweetness.  On  adding  alkohol  to  the 
original  solution^  a  precipitate  in  white  flakes  was  formed, 
which  appeared  to  be  a  combination  of  sugar  with  lime. 
Sulphuric  acid  added  to  the  solutiony  precipitated  the  lime 
in  the  state  of  sulphate,  and  in  a  great  measure  restored 
the  natural  taste  *.  Lowitz  had  before  observed,  that 
sugar  communicates  a  much  greater  degree  of  solubility 
to  lime,  equal  parts  of  them  being  boiled  together  in  wa* 
ter.  In  reducing  this  compound  to  dryness  by  inspissa- 
tion,  a  white  mass  was  obtained  extremely  acrid  and  caus- 
tic. The  solution  in  boiling,  he  found  to  become  thick  and 
turbid,  lime  being  precipitated ;  but  as  it  cools  the  lime  is 
redissolved,  and  it  recovers  its  transparency.  Alkohol  add- 
ed to  it,  precipitates  the  lime ;  the  alkaline  carbonates  de- 
compose it  by  forming  carbonate  of  lime  ;  and  it  appears 


•  RoUo  on  Diabetes,  p.  ^l. 
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to  be  decomposed  on  exposure  to  the  air,  fium  absorptioa 
tf  carbonic  acHl,  mtiiule  crystals  being  formed,  and  the 
ntcetncss  of  ihe  sugar  being  at  length  restored  *.  Mr 
Cwneron  has  observed  this  property  in  sugar  of  ren- 
deting  lime  more  soluble  ia  wairri  the  same  cifect  ho 
found  to  be  produced  on  strontues  -,  and  this  earth  was 
Ukewise  separated  from  its  combinaiiun  with  tlie  ^tigar, 
both  by  the  alkulis  and  the  acids.  Mjgneaia  is  very  littlo 
Kilable  in  a  saccharine  solution ;  and  the  solubility-  of 
l^arytes  he  found  not  lo  be  increased  by  sug^}  but  it  re- 
ceived from  it  curbonic  acid  f. 

Sugar  ii  decomposed  by  the   acids.     Sulpliuric  acid 

blwrkens  it,  by  causing  an  evolution  of  part  of  its  carbon 

■n  the  state  of  charcoal,  while  llic  remainijig  principles  of 

dk«  ingar  tnier  into  new  combinnrious,  forming  a  portion 

••f  vater,  ami  probiibly  of  nome  of  the  vegetable  acids. 

Nioic  Kid  yields  oxygen  to  it,  and  converts  it  into  an 

>ctd,  which,  from  being  abundantly  furmed  by  the  osy* 

E^niirment  of  sugar,  was  at  one  time  named  Saccharine 

*CuJ,  Mid  which  Scheele  demonstratwl  to  be  merely  oxalic 

Kcid.    The  process  consists  in  pouring  six  parts  of  nitric 

*cid  on  one  part  of  sugar  in  coarse  powder,  and  applying 

^  moderate  heat ;  an  effervescence  takes  place,  and  nitrous 

>cid  vapour  is  disengaged  t  the  application  of  the  heat  is 

continued  until  this  ceases,  and  in  the  remaining  liquid 

pritnujc  crystals  soon  begin  to  form,  which  consist  of  ox- 

«!«  »cid,  and  which,  according  to  Mr  Cruickshanlt's  ex- 

penmeDts,  amount  to  rather  more  than  half  the  weight  of 

'^  Hiiir.    There  remains  an  uncrystallizable  litjuid,  cDn- 


*  Journal  dc  Phyuque,  torn,  xlii.  p.  4G0. 
f  NichuUoa's  Journal,  vol.  svili.  p.  10. 
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aMng  prineipdif  irf  irialit  ickU  ,  Tbe  aMiiiMi  of  w]muli»« 
•dc  teid  &mmglat^:h  iortiewhit  Jiffimnt  ai  lo:it»  fttoUli* 

1 

•iigir  fo  p«t  iBio  fiqwl  •vyoirti^  cmntUA 

■raflNfic  ■OBi|  BQC  smjFiuwuoc  ainii|^v€-cfiiiiiMiM 
dwmigb  m  adltidta  o£  mff/u^  the  l^[vM  %h^<jhipdMdl 

•r  riyor -diit  W»  kM  iiii|Mir£eocl^  1n^ 
.  FfMit  ■uK' CMBtfcal  chipgtt  Waiob  iks"  wiAra  Adoi 
fht  pneMp^.ftmgMf^  it}  mkjhe  wkth^Omtk  it  k 
coqipotod  of  cafboa,  hjdrogeb^  tud  Mjpfeiik  .Ilaeta^Of 
MbwEiji  JiMitVier  dMonnirtKl  vSth  tiiU  moitf  .pvidMi^.by 
to  JltooailMtiM  b^  b4i« .  The  piodwU  ^ 
tiff  Jirtllnion fa ttoriiiHadiM  »rtf  «a add  Jjigwri  Mb^ 
BCttio  Mad  49aaad  wilk  vaiaii  and  a  Itttlfe-  tsmfiaiifluiii 
mI|;  caiboniio -acidkii  ind- . aaiviftf Md  mjofc^u  gaaai^ito 
diicnghgtdm  coDiidttd>|ciq»iitit7>  aodato  Haidiniaa  if 
charcoal.  Hie  prdpclrtioti  ^  acid  is  largei^  than  tint  ob- 
tained frcHn  the  decoinpetttioii  of  guin4  Fh>m  one  ounce 
of  SQgaf  deoomposefcl  hf  .heat»  the  prOdects  fa  ati  experi- 
lAent  dMide  by  Mr  Cfukksbank  f  were : 

Dr.        Gr. 

Acid  with  a  drop  or  two  of  empyreumatic  oil>      ie      80 
Charcoali  ....  2        0 

Carburetted  hydrogen  ga6»  -  119  oz.  measures. 

Carbonic  acid  gas^  -  •  41  —         ■ 

The  acid«  when  saturated  with  lime»  gave  no  mdication 


*  Anaales  de  Cbimie,  torn,  yu  p.  220. 
t  Rolb  oa  Ditbetes,  p.  i66. 
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«f  tnasiHAiiai  as  that  from  gum  docs )  neither  did  the  char« 
cod  eonuio  any  lime :  neither  nitrogen  nor  lime  therefore 
eaten  inm  the  composicion  of  sugar)  and  it  is  to  be  re- 
gurded  as  a  compound  mcrcljr  of  carboD>  hydrogen,  and 
^gen»  It  diicffs  from  gum  in  the  absence  of  nitrogen 
and  lime  §  and  from  fecula  probably  in  the  proportion. o£ 
oxygen  being  laiger  and  of  carbon  l^ing  less  ^sincein  the 
{ffoccss  by  which  fecula  is  conTerted.into  sugar,  oxygen  is 
absorbed  and  carbonic  aoid  cTolved.  The  proportions  of 
its  principUSf  at  deteraaintd  by  La v&ier,  from  the  changes 
it  soflFers  in  ihc  process  nf  fnrmentationt  are  64  of  oxygen, 
18  of  carbo9f  and  S  of  hydrogen  ^  but  these  were  infened 
kom  vesilks  so  complicated,  that  they  cannot  be  reg^urded 
ai  at  all  certain. 

Ftom  the  diAesences  which  exist  in  the  composition  of 
gam,  f^ulai  and  sufar,  we  m^y.  trace,  though  perhaps  in 
an  imperfect  laHiDp^,  th^  successive  formation  in  thai 
precess  of  v^etatita.  The  sap  is  composed  of  vegetable 
■itter,  mixed  with  several  salts  which  have  lime  for  their 
baie.  Mucilage  or  gum,  which  seems  to  be  the  first  pro- 
duct from  it»  consists  of  carbon,  hydrogen,  and  oxygen,  the 
general  principles  of  vegetable  matter,  combined  with  lime. 
By  a  fttfther  elaboration  the  lime  seems  to  be  abstracted, 
sad  the  carboa«  oxygen,  and  hydrogen,  alone  brought  into 
anion :  this  forms  the  fecula :  and  this  again,  by  a  change 
b  &e  ffroportiotis  of  its  principles,  and  particularly  by  an 
addition  of  oxygen,  is  changed  into  sugar. 

A  fact  apparently  singular  was  observed  by  some  of  the 
German  chemists,  particularly  by  Achard,  in  their  expe- 
riments on  the  production  of  sugar, — that  the  exclusion  of 
light  frofti  the  vegetable,  favours  greatly  its  production,  so 
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much  so,  tliat  a  pbnc,  the  roots  or  stems  of  which  tw 
sweet  while  the  light  is  excluded,  loses  diis  sweetness  «'hMI> 
the  light  is  admitted  •.     But  it  is  known,  that  the  excl 
sion  of  light  in  a  growing  vegetiible,  always  produces  in 
in  accumulation  of  oiygen,  -and,  according  to  the  view 
the  subject  now  given,  will  favour  the  cohveraion  of  fectt* 
la  hito  6Ugar.     It  may  be  added,  that  in  vegetables  tl 
saccharine  matter  seems  to  be  formed  chieQy  in  the  p; 
secluded  from  light,  jj^  it  is  most  abundant  in  lb< 
and  in  the  sap  rising  from  (hem,  white  there  is  not  peih, 
an  instance  of  its  being  discovere^i  in  the  leaves. 

Sugar  is  formed  however  in  the  fruit  of  vegetables  *,  ai 
with  regard  to  this  Achard  mentions  a  fact  which  appeal 
at  first  view  contradictory,  that  the  formation  of  the  sugi 
contrary  to  that  in  the  body  of  the  ptam,  is  promoted 
light;  this  is  indeed  well  known  with  respect  to  ther 
luration  of  fruit.  Instead,  however,  of  furnishing  any  e; 
teption  to  this  Tiew  of  ^efeonalion  of  tuglr  in  the  vege- 
table system,  it  confirms'  it  i  for  it  is  not  fecula,  but  an 
acid  juice,  which  in  the  fruit  il  co!ir«rted  into  sugar,  -and 
this  conversion  eeenu  to  be  effeaed,  as  -we  nught  a  prion 
conclude,  by  an  abstraction  of  oxygen  from  the  acid. 

Mr  Cruicksbank  endearourcd  to  convert  sugar  into  guv, 
by  the  action  of  substances  which  might  partially  abstract 
its  oiygen.  He  added  to  a  portion  of  synip>  which  filled 
an  inverted  jar  placed  over  mercvryi  a  little  phosphuret  of 
lime ;  a  considerable  production  of  phosphorit  gas  zlmoM 
immediately  took  place ;  at  the  end  of  eight  days  the  eyrup 


•  Nicholsou't  Journal,  l-io,  vol.  ill.  p.  212.  28^- 
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\m  withdrawn ;  it  had  no  sensible  »^eet  taste,  but  rather 
a  bitter  astrii^ent  one  \  when  filtered,  alkohc4  produced  a 
copious  white  precipitate  in  flakes,  very  much  resembling 
mucilage  separated  from  water  by  the  same  substance. 

^  This  experiment  was  somewhat  yaried  as  follows  :  a 
little  refined  sugar  was  dissoWed  tn  alkohot,  and  to  this  so^ 
lotion  a  little  phosphuret  of  lime  was  added;  no  phospbo* 
fie  {as  Was  disengaged,  nor  was  there  any  apparent  action 
produced.  More  phosphuret  being  added,  the  mixture^ 
WIS  aUowed  to  temain  in  an  open  phial  for  several  days. 
The  alkohol  hai^ng  now  evaporated,  some  distilled  water 
was  added  \  but  this  produced  no  disengagement  of  gas, 
as  the  phosphuret  had  been  decomposed,  and  converted 
ptificlpfUy  into  phosphate  of  lime.  The  mixture  being 
filtersd,  and  the  clear  liquor  evaporated,  there  remained  a 
sabstance  extremely  tenacious,  and  which  had  much  the 
appearance  of  gum  arabic  \  its  taste  was  bitter,  with  a  very 
•light  degree  of  sweetness  ;  when  squeezed  between  the 
teeth  it  had  exactly  the  feel  of  gum,  but  more  tenacious, 
hdid  not  appear  to  be  soluble  in  alkohol,  or  at  least  in  any 
considerable  quantity ;  when  thrown  upon  a  red* hot  iron 
it  burned  like  gum,  and  left  a  bulky  and  insipid  charcoal. 

^  It  would  appear  that  the  saccharine  principle  had 
keen  destroyed  in  these  experiments,  and  converted  into 
something  resembling  a  gum-:  that  this  was  eiFected  by  the 
abstraction  of  oxygen,  is  rendered  highly  probable  from 
the  nature  of  the  substance  employed,  and  the  change 
which  it  was  found  to  hare  undergone  v  for  there  are  fe«^ 
substances  which  have  so  strong  a  tendency  to  combine 
with  oxygen,  as  the  phosphuret  of  lime. 
"  Some  other  trials  of  a  simitar  nature  were  made,  by 
Vol.  IV.  K 
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mixiflg  toltttltms  of  sugar  with  ibt  difieiefit  aiil|>b«f«6y 
abd  by  agitatiflg  them  with  nitroui  gas  in  close  ▼assdti 
The  8ulpharets»  more  especially  that  of  potashf  madflBSt-! 
ly  destroyed  the  saccharine  taste  >  but  on  accoant  of  Se 
.  sblubility  of  the  different  products*  the  nati|re  of  the 
.  change  could  not  be  so  easily  and  accurately 'ascertuned* 
The  action  of  the  jDitrous  gas  was  more  doubjtful  *•** 

A  singular  fact  with  regard  to  this  sobfecty  wUch  I 
have  not  found  taken  notice  of  by  any  cheniisty  waa  com* 
municated  to  me  by  Mr  Cameron  of  frlangtrBr^  that  n-mh^ 
lution  of  sugar  may  be  made  to  assume  the  tenaqty  and 
thick  consistence  of  strong  mudlage.  The  espefiBMBfe- 
consists  in  adding  1|  lb.  of  syrup  (made  with'l  puctoC 
water  to  S  of  sugar)  to  a  gallon  of  water^  in  a  stOMf  htf^ 
tie*  mixing  them  well  by  agitation,  stop^g  the  bottle 
cbsely*  and  placing  it  in  a  temperature  of  about  50,  foi 
three  or  four  days.  In  this  time  it  assumes  a  gelatiiH>us 
consistence,  still  retaining  its  saccharine  taste,  but  which 
in  the  course  of  a  week  or  two  it  loses.  By  boiliqg  it  for 
some  time  it  loses  considerably  its  gelatinous  form,  and 
assumes  that  of  strong  Vnucilage  of  gum  Senegal.  I  have 
kept  it  in  this  state  for  a  considerable  time.  It  is  not  im- 
probablci  that  in  this  experiment  a  slight  change  is  pro- 
duced in  the  combination  of  the  principles  of  the  saccha* 
rine  matter,  so  as  to  bring  it  to  the  state  of  mucilage : 
and  a  curious  fact  observed  by  Mr  Cameron,  that  the  ex- 
periment succeeded  only  with  unrefmed  sugar,  and  not 
either  with  molasses,  or  with  refined  sugar,  accords 
with  this  ;  unrefined  sugar  probably  containing  a  small 
portion  of  the  lime  employed  in  the  process  of  preparing  it^ 


*  RoIJo  on  Diabetes,  p.  4.S9. 
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3^iid  lime  being  essential  to  the  constitution  of  mucilage  or 
sum.  It  has  already  been  remarked,  that  a  solution  of  sugar 
^H>i1ed^th  a  little  limrei  forms  a  very  tenacious  liquid. 

In  the  process  of  fermentatiotij  saccharin^  matter  suf-» 
fers  decomposition)  its  elements  entering  into  new  com- 
bitiationsy  whence  the  formation  of  ardent  spirit.  The 
nature  of  this  change  is  to  be  afterwards  considered. 

Sngar  is  of  importance  as  a  substance  nutritious  and  ge- 
nerally agreeable  in  taste.  It  exists  in  the  greater  part  of 
the  Tegetable  substances  used  as  articles  of  diet,  and  ap-> 

• 

pean,  from  some  facts  with  regard  to  its  use,  to  be  even 
in  its  pure  form  highly  nutritive.  Even  animals,  when  par**' 
tially  supplied  with  it,  it  has  been  observed  in  the  West  In^-' 
dies,  bectoie  fat  and  vigorous,  as  during  the  time  o^  the 
sugar  harvest,  though  they  are  then  kept  almost  constant-^ 
ly  at  work.  By  its  antiseptic  power  it  preserves  a  number 
of  substances  from  putrefaction,  and  hence,in  confectionary 
^ncl  in  pharmacy,  it  is  used  in  the  preparation  of  conserves, 
syrups,  and  similar  compositions.  It  is  also  used  in  the 
composition  of  some  varnishes,  of  ink,  and  of  some  pig- 
ments, to  communicate  to  them  a  degree  of  lustre. 


There  are  some  other  substances  of  a  saccharine  nature^ 
differing  somewhat  in  their  chemical  properties  from  pure 
^^g^r,  M^hich  may  be  noticed  under  this  section^ 

Manna  is  a  secreted  juice,  afforded  by  several  vegeta- 
^'^ut  obtained  in  largest  quantity  from  several  species 
0^  ash,  particularly  the  Fraxinus  omus,  which  arc  culci- 

K  2 
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matter  remained  on  the  filter,  through  which  the  liquoc 
had  passed  while  hot.  This  liquor^  after  having  stood  for 
(K)me  daySj  deposited  the  saccharine  matter  in  small  sphe- 
]rical  masses,  which  accumulating  at  length,  (ormed  a  crust 
quite  firm  and  perfectly  white.  This  matter,  however, 
Lowitz  was  unable  by  any  process  to  crystallize,  though 
Its  texture  shewed  a  kind  of  crystalline  arrangement ;  ex- 
hibiting, when  examined  by  the  microscope,  a  kind  of  con* 
geries  of  long  needle-like  crystals. 

Thie  6Ugar  of  honey,  Lowitz  found  to  differ  from  com* 
mon  sugar  in  the  changes  it  suffers  from  certain  re-agents, 
particularly  from  the  alkalis  and  alkajiine  earths.     If  lime 
water  be  added  to  its  watery  solution,  which  is  perfectly 
limpid,  a  brown  colour  is  acquired.     Quicklime  added  to 
th^  solution  while  hot,  produced  a  strong  effervescence, 
and  the  mixture  became  of  a  dark  brown  colour :  and  by 
continuing  to  add  lime,  the  saccharine  matter  was  entirely 
decomposed  :  the  mixture  became  black,  and  emitted  a 
disagreeable  smell.     The  dark-coloured  solution  contains 
a  large  quantity  of  lime,  which  is  not  precipitated  by  al- 
kalis either  pure  or  in  the  state  of  carbonate.     If  precipi- 
tated by  sulpliuric  acid,  the  residuivl  liquor  contains  an  em- 
pyreumatic  acid,  analogous  to  malic  acid,  and  convertible 
into  oxalic  by  the  action  of  nitric  acid.    If  the  solution  of 
honey  and  quicklime  is  thickened  by  evaporation,  after  its 
brown  colour  is  removed  by  charcoal,  a  transparent  matter 
is  procured  of  a  light  yellow  colour,  which  resembles  gum 
arabic,  but  has  a  bitter  taste.      The  fixed  alkalis  produce 
cliangos  on  lioncy,  and  on  tlic  saccharine  matter  procured 
from  it,  the  same  as  those  from  tho  action  of  lime  ;   tlie 
ijoncy  or  the  saccharine  niattcr  is  decomposed  with  cfTjr- 
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iwsceacei  and  the  alkaline  taste  and  qualkiesi  ^en  certain 
proportions  are  obsenredy  are  lost.  Ammonia  produces 
similar  effects,  but  more  slowly,  and  only  when  its  action 
is  promoted  by  heat  *. 

Ca?ezzali  has  more  lately  given  a  process  by  which  the 
sugar  of  honey  is  obtained  crystallized.  Its  crystallizatioR 
from  common  honey  be  supposed  to  be  prevented  by  the 
presence  of  an  acid  ^  and  the  process  therefore  which  he 
followed^  ^'l^as,  after  clarifying  white  honey,  by  applying 
a  moderate  heat,  and  removing  the  scum  from  its  surface, 
to  add  ta  it  egg-shells  (which  consist  princijytlly  of  carbo- 
Date  of  lime)  in  powder  (  an  effervescence  took  place ;  the 
addition  was  continued  to  saturation,  and  the  liquid  set  a- 
side.  A  thick  scum  which  formed  on  its  surface  was  re* 
moved,  and  some  flocculi  of  a  mucilaginous  matter  diffus- 
ed through  it,  separated  by  filtration.  A  clesCr  syrup  was 
thas  procured,  free  from  the  sharpness  of  the  honey.  At 
the  end  of  four  months,  crystals  iiad  been  deposited  from 
it  in  a  crust :  this  was  of  a  red  colour,  and  attracted  humi- 
dity, but  the  colour  was  removed  by  washing  with  alko- 
hol,  and  after  this  operation  it  remained  dry  f . 

Proust  has  distinguished  two  species  of  honey ;  the  one, 
which  constitutes  the  common  yellow  honey,  of  a  uniform 
consistence  and  viscid^  the  other,  the  granulated  white  ho- 
ney, which  becomes  solid,  and  assumes  the  form  of  small 
spherical  masses.  He  has  distinguished  also  two  species 
of  sugar,  one  soft  and  not  capable  of  crystallizing,  which 
exists  in  the  grape  and  other  fruits,  and  in  manna  ^  the  a- 


*  Journal  de  Physique,  torn.  xlii.  p.  4,56. 
f  Annalcs  de  CJiirnie,  torn,  xxxix.  p.  1 10. 
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ihecj  the  sugar  of  the  sugar  ane.  From  the  wliite  gTWa^~ 
Uted  honey  he  has  obIaint^d|  by  tlie  action  oF  allkoliol,  « 
Vfhite  saccharine  powder  of  ui  ^tgreeable  taste,  and  which 
he  regards  as  ditTerent  from  common  sugar,  and  nearljr  the 
tame  with  the  toft  sugar  of  the  grape  *.  These  difiettti- 
ces  iu  both  cases,  hi-wcver,  if  thejr  do  not  arise  from  inter' 
mixture,  muat  depend  on  very  slight  mixlificRtiotis  of  the 
B;imc  specieSi  produced  by  variable  causes,  and  in  part  pro* 
bably  by  the  very  operitions  by  which  they  are  recognised, 
and  such  distinctions  do  little  more  perhaps  thaa  load  and 
embarrjss  ch^  science. 

The  saccharine  matter  formed  in  certain  morbid  states 
of  the  animal  economy,  giving  rite  to  the  disease  named 
piabetes,  appears  similar  in  many  of  its  properties  to  tbe  , 
sugar  of  honey.  It  suffers  nearly  the  same  change  from 
lime  :  in  the  experiments  made  on  it  by  Nicolas,  when  a 
little  lime  was  addt.'d  to  its  solution,  and  the  whole  boiled, 
on  afterwards  clarifying  it  with  the  white  of  an  egg,  the 
liquor  was  found  to  have  assumed  a  reddish  btown  colour, 
had  loU  its  sweetness,  and  become  acrid ;  and  when  the 
lime  was  separated  from  the  combination,  by  ihc  addi- 
tion of  an  acid,  the  sweetness  was  not  restored  f.  This 
U  precisely  similar  to  the  chjnge  the  sugar  of  honey  suf- 
fers from  lime,  and  is  diflVrent  from  that  which  pure  sugar 
undergoes.  Cruiclcshank  found,  that  the  saccharine  ex- 
tract formed  in  diabetee  is  convertible  into  oxalic  acid  by 
the  action  of  nitric  acid  t  •  ■>  property  which  t>elongs  to 
the  sugar  of  honey  as  well  us  to  pure  sugar. 


*  Annile*  de  Cbimie,  torn.  Wit.  p.  1^7,  &c- 
f  Hud.  torn.  xliv.  p,  63. 
I  RoUo  00  Diibetcs  p.  4?9, 
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*(ir1tli  the  fecuh  and  saccharine  mjlter  which 
ttrnpiMe  ih*  principal  part  of  the  nuiritive  gTains.  tbcie 
BBS  another  subitance,  approaching  rery  closely  in  its 
{hmnrrs  to  animal  matter.  From  the  reseniblance  tn  its 
p«prttio  tD  tire  animal  principl*  formerly  named  GluteQi 
i:  lus  received  the  name  of  VegetaSle  Gluten.  It  has  been 
^KereJ  likewise  ta  exist  in  the  juiccb  of  plants,  and  in 
ipmt  of  their  secrrted  products  ;  but  it  is  more  easily  Je- 
jviffi  from  the  farina  of  the  nutritive  grains,  and  it  is 
froni  the  gluten  obtained  in  this  manner  thai  its  ch.irac- 
Ware  derWed.  Its  existence  was  distinctly  pointed  out, 
">«*  Aan  «Teniy  years  ago,  by  Beccaria,  to  whom  wc 
WindciWrd  for  the  simple  analysis  of  the  nut ritirc  grains 
•J  which  it  is  obtained. 

In  ihr  process  of  obtaining  the  fecula  of  wheat,  the  flour 
nnndeinto  a  paste  with  water,  and  kneaded  in  the  hand, 
w  other  to  a  coarse  linen  bag,  water  beinjj  poureil  on  it, 
""'il  the  fecuia  is  carried  ofi"  suspended  in  the  water,  and 
'iiriugir  and  other  scluble  principles  dissoUcd.  Tliere 
wwiti*,  at  the  end  of  this  process,  a  soft  Tiscous  substancct 
of  I  6brotu  texture,  possessing  great  tenacity  and  elastici- 
ty. U  n  thii  which  is  denominated  Gluten.  It  is  obtain* 
ed  b  brgest  quautity  from  wheat  ;  the  quantity,  on  an  a- 
ftnge,  amounting  to  about  a  twelfth  part  of  the  weig'ii 
o(  the  Soar  of  that  grain;  or  laLing  into  account  the 
vifht  of  the  vster  with  which  it  combines  in  its  cxtrac- 
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tion,  it  nrie§,  according  to  Beccaria,  frtxa  a  iat^ 
fifth  of  the  weight  of  the  flour.  It  is  conuiat^kH 
•mailer  quantity  in  the  other  nutritive  grains,  and  (i%l 
deed,  be  scarcely  extracted  from  any  of  them. 
however,  found  trace*  of  it  in  maize ;  and  FounMt' 
Vauquelin,  in  their  experinentton  the  diflcrent niui 
gnitu>  have  found,  that  z  principle  possessing  the  do 
ter«  of  animal  matter,  and  therefore  probably  gluten,! 
istt  in  barley,  garden  beam,  and  lupines. 
difcorered  in  rice  {  nor  are  there  any  traces  of  it  in 
'  potatoe,  oi  other  nutritive  roots. 

Gluten  Hai  alao  been  auppoeed  to  be  contained  a 
cxpr^uedjuicei  of  a  number  of  plants.     Rauelle  hid 
served,  diat*  in  tubjecting  to  preuurc  the  fresh  leant 
a  nitmber  of  regetables^  it  deposited,  on  standing,  a 
ter  which,  from  its  colour,  he  named  Green  Fecolai 
in  this  substance  he  discovered  the  existence  of  a  prfl 
pie  which  he  considered  as  analogous  to  die  gluten  I 
wheat.     FouTCroy  supposed  it  to  be  di&ercnt  fitao^iM 
and  to  approach  in  its  nature  to  the  animal  principle  dcM 
minated  Albumen,  whence  he  named  it  Vegetable  Ab 
men.  We  shall  findrcason,however,tocoDclude,thatd 
original  opinion  of  Rouelle  is  probably  more  just,  and  d 
this  principle  may  be  regarded  as  a  variety  of  gluten. 

The  gluten  obtained  in  the  analysis  of  wheat  flouTi. 
bore  dewtibed,  i&  a  solid  but  soft  viscous  substance,  ( 
tremely  tenacious,  so  that  it  can  be  drawn  out  to  a  gn 
lcn(;tli,  and  moulded  into  any  form  :  it  is  also  highly  cl: 
lie,  so  that  when  drawn  to  a  great  estent,  it  i(uickly  i 
sumca,  when  left  to  itself,  its  former  volume:  its  leati 
h  ditlinctly  fibrousj  or  it  appi-urs  to  be  composed  of  tltreai 
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It  has  scarcely  any  taster  its  odour  is  f^int :  its  colour  is 
greyish}  and,  when  dried,  it  is  semi-transparenti  having 
thea  some  resemblance  to  glue  in  its  appearance.  In  its 
loft  state  it  is  extremely  adhesive  to  the  touch,  and  has, 
firom  this  property,  been  used  as  the  basis  of  cement,  for 
uniting  fragments  of  porcelain  or  glass. 

When  exposed  to  the  atmosphere,  gluten  remains  for 
some  time  soft,  acquiring  a  darker  colour.  If  exposed  to 
a  dry  and  rather  warm  atmosphere,  it  dries  slowly,  loses 
its  ductility  and  elasticity,  and  suffers  no  farther  change. 
This  induration  of  it  is  still  more  complete,, when  a  mo- 
derate  heat  is  slowly  applied  to  it ;  it  may  then  be  render- 
ed bard  and  brittle.  But  in  a  humid  atmosphei;e,  soft 
gluten  retains  its  softness,  an4  soon  passes  into  a  state  of 
putrefaction,  swelling  up,  and  acquiring  an  offensive  o- 
dour,— changes  which  are  accompanied  with  a  formation 
of  ammonia,  acetic  acid,  and  an  oily  matter  ^.  If  it  hasf 
pot  been  entirely  deprived  of  the  fecula  of  the  wheat,  this, 
according  to  Macquer's  observations,  suffers  the  acetous 
fennentation ;  and  the  re-action  of  this  small  portion  of 
add,  with  the  slow  action  of  the  air  and  water,  coi^verts 
the  gluten  into  a  substance,  which,  as  Rouelle  remarked, 
has  a  very  near  resemblance  to  cheese,  and  which,  by  the 
addition  of  salt,  may  be  preserved  in  that  state  f .  It  then 
contains  ammonia  and  acetic  acid. 

When  kept  immersed  under  water,  it  does  not  imme- 
diately putrefy  ;  a  formation  of  acetous  acid  takes  place, 
^i  ammonia  is  also  formed,  which  combines  with  this 


*  Annales  de  Chimie,  torn,  xxxviii.  p.  259. 
f  Fourcroy's  System,  vol,  vii.  p.  417. 
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acidi  though  not  in  quantity  sufficient  to  Saturate  it.  Tfai^ 
solution  of  acetic  add  uppearay  as  Vauqnelin  has  remark-* 
eA,  to  check  the  pro^ss  of  the  putrefaction ;  and^  by  its 
nctiOiTi  a  portion  etcn  of  the  remaining  gluten  is  dissolred 
by  the  WTLtct  *.  In  this  state  of  solution,  it  gradually  pu« 
trefieS)  separating  in  mucous  pellicles. 

The  portion  of  gluten  that  remains  undissolved,  after 
this  kind  of  fermentation  which  it  has  sufiered,  if  immer« 
^  anew  in  water,  begins  again  to  ferment,  disengages  car- 
bonic acid,  becomes  of  a  purple  colour,  and  emits  a  foetid 
odour,  similar  to  that  from  putrid  animal  membrane.  Af- 
ter three  months  of  this  slow  putrefaction,  it  has  acquired 
a  brown  colour,  exhales  only  a  faint  smell,  is  much  dimi- 
nished in  tolume  and  cruantityj  when  dried,  it  forms  small 
masses,  which  soften  under  the  finger  like  wat,  melt  and 
bum  with  flame,  and  is  soluble  in  alkohol,  which  it  colouM 
brown  ;  a  portion  which  remains  undissolved  being  in  the 
Mate  of  a  powder,  inodorous,  insipid,  and  very  similar  to 
charcoal  powder,  but  burning  with  an  acrid  odour,  and  af- 
fording ashes,  in  which  iron  and  silex  exist.  In  this  seriet 
of  changes,  a  portion  of  the  nitrogen  and  hydrogen  of  the 
gluten  have  united  to  form  ammonia  ;  part  of  its. carbon 
has  formed,  with  oxygen,  carbonic  acid  •,  another  portion 
of  carbon,  with  hydrogen,  has  formed  the  unctuous  mat- 
ter*, and  the  remaining  elements  united,  have  formed  the 
rt:$iduum  f . 

It  is  doubtful  if  gluten  is  solu'^le  in  pure  water.  When 
w.iter  is  allowed  ro  remain  over  it  for  some  time,  its  trun- 

*   Anr.alcs  il  •  Cliirnk',  lo'n.  xxxvii*.  p.  '2VX 

i    A'':.-^^'-  •!'!  ^I•.,. '.-:    :*!l''t'  'ff  N.Ttur.ll'',  torn.  vii.  ji.  i. 
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ipmncj  is  impauvd,  and  a  mucous  metier  appears  to  be 
dinolved,  or  ntbtt  suspended  in  it :  by  blcmioa,  it  may 
bemdeKd  limpid  :  wlieii  heated,  a  glutinous  outlet  su* 
pania  in  fiocculi  :  and  a  precipitate  is  thrown  down  \ty 
Qi^uriatic  acid)  and  by  tanin.  Hence  Koutctoy  has 
cfticliuled,  (hat  gluten  is  soluble  in  vnxet  *.  But  it  is  not 
Hw,  that  tJwje  phenomena  depend  oa  tlic  presence  of 
jwtgluteo  in  a  stale  of  solution  ;  and  it  is  probable,  they 
iR  connected  with  the  changes  in  composition  which  the 
gluea  iiself  has  suRered,  and  probably  wich  the  produc- 
lion  of  Kcetous  acid,  from  its  partiul  decomposition.  When 
*itcr  is  boiled  on  gluten,  it  contracts,  becomes  more  Solid, 
>td  losei  its  tenacity  and  ductility. 

Ciuieo  is  likewise  insoluble  in  alkobol :  alkchul  even 

Fntipitaift  the  small  ponioo  df  it  which  exists  in  wnier 

"^  1  lote  of  solution,  when  the  water  has  been  macerated 

'XI  a.    if  gluten,  however,  which  has  been  kept  for  some 

■MM  under  water,  so  as  to  have  passed  into  the  acid  ftr- 

Buniatton,  be  tittur^ied  with  a  portion  of  allcohol,  it  is 

pnially  dissolved,  aud  a  litiutdof  a  thick  consistence  form - 

*^-    If  more  alkohol  be  added  lo  this,  pan  o/  the  gluten 

it  prcdpiiated,  but  a  portion  still  remains  in  solution,  and 

by  filtration  a  transpareat  liquid  is  (Obtained.     This  is  dc- 

compoied  by  water,  gluten  being  precipitaieil.     I}y  eva- 

pORitsan  of  lh«  spirituous  solution,  the  gluten  is  obtainid 

tlry,  hiillle,  and  shining.     Cadet,  by  whom  ibese  experi- 

tnrati  were  made,  hns  remarked,  that  the  thick  ::olution  of 

^OMnted  gluten  in  alkobol  forms  an  excellent  varnish,  an 

» tnniparent,  adheres  strongly,  has  a  degree  of  elasticity. 


it » tnnipar 
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and  does  nut  scale  olT.  A  similar  varnish  is  obtatued  1 
dissolring  the  gluten  in  acetous  acid  ;  that  formed  bffl 
kohol  is  preftrable,  but  both  have  the  imperfection  of  be- 
ing ilfcacd  by  humidity.  This  latter  solution  aho  formi 
»  cement  for  poicclain,  and  a  basis  for  paints  *. 

Gluten  is  dissolved  by  alkaline  solutions,  when  ihdrflri 
tion  is  promoted  hy  a  moderate  heit.  On  the  additioo  W 
tn  acid  to  the  Solution,  the  glutinous  matter  is  precipitil* 
td,  but  so  far  changed  as  to  be  no  longer  elastic.  In  a 
,  Concentrated  state,  they  stiU  more  evidently  decompose^ 
imd  form  3  kind  of  soap,  while  there  is  ;it  the  9anie  ti 
production  of  ammonia. 

II1C  chants  produced  in  jiluten  by  the  acids  are  difif* 
*Dt  according  to  the  naiurc  of  the  acid,  and  its  concentiS' 
rion  or  dilution.  Some  of  the  wcaVcr  acids,  as  the  acetic, 
dissolve  it,  though  not  wiihout  sotne  change,  as,  during  the 
sotatkm,  a  portion  of  atnmonia  is  generally  fanned  *  an^ 
when  die  acid  is  neutnliaed  by  an  alkali)  the  gluten  is  pn- 
ci]^mnl  with  the  loss  of  its  ductility  ■,  Fonicroy  has  affinv 
«di  howerer,  that  it  is  precipitated  with  its  piopeities  ww 
altered  f.  When  it  has  undergone  the  slight  ferraenta- 
don  which  it  suffen  when  fcept  under  water,  it  is  SttO  nun 
soluble  in  acetic  acid ;  and  a  portion  of  it  appears  froa 
Vaunuelin's  experiments,  to  exist  dissolved  in  the  son 
liquor  (Stained  in  the  preparation  of  starch  horn  witefl 
probably  by  the  medium  of  the  acetous  acid,  and  m  cof 
sequence  of  this  slight  change  *.     Hence,  as  he  has  at 

*  iHino-iphi*-!!  Maj;j>ii.*  <vi.  j.;;l  p.  9. 
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lend,  the  necessity,  in  the  preparation  of  starch  from 
wbeat,  to  allow  the  liquor  above  the  fecula  to  run  into  the 
acetous  fermentation,  and  in  its  acid  state  to  remain  over 
it  for  some  time  \  the  acetous  acid  dissolving  the  portion 
of  glaten  which  still  adheres  to  it,  and  thus  rendering  the 
starch  more  pure,  of  a  whiter  and  more  brilliant  colour, 
aod  more  loose  and  dry ;  while  in  the  preparation  of  starch 
from  the  potatoe,  or  from  other  roots  or  grains  which  do 
not  conuin  gluten,  this  is  not  requisite. 

Sulphuric  acid  in  its  concentrated  state  blackens  gluten, 
and  caoses  a  formation  of  acetic  acid  and  of  ammonia,  with 
an  evolution  of  carbiiretted  hydrogen.     Nitric  acid  disen- 
{aget  from  it  nitrogen  gas,  and  gives  rise  to  the  production 
of  oxalic  and  malic  acids.    Muriatic  acid  acts  on  it  slowly, 
^  in  a  manner  somewhat  similar  to  the  acetic.     Osy- 
muriatic  acid  softens  gluten,  and  changes  it  into  a  yellowish 
fccculcnt  matter.     It  also  precipitates  it  from  any  com- 
ninations  in  which  it  is  in  a  state  of  solution^  and  thus  af- 
"I'nis  a  test  b^  which  its  presence  may  be  recognised.    Dr 
Boitock  has  pointed  out  some  ether  tests  by  which  it  may  be 
<iisco?ered»     Precipitates  are  thrown  down  from  water 
macerated  on  it  by  acetate  and  super-acetate  of  lead.   Ni- 
trate of  mercury  causes  a  precipitate  to  subside  quickly, 
and  the  liquid  above  assumes  a  pink  colour.    It  is  not  pre- 
ciptCated  by  silicated  potash,  but  gives  a  copious  precipi- 
tate with  infusion  of  galls. 

Thisy  like  the  other  immediate  principles  of  vegetables, 
is  decomposed  by  heat ;  but  the  products  from  its  decom- 
position are  peculiar,  and  are  the  same  as  those  of  animal 
matter.  When  exposed  to  a  moderate  heat,  it  swells  :  if 
placed  on  burning  fuel,  it  becomes  quite  soft  or  semi-fluid, 
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and  bums  with  a  foetid  odour.     If  subjected  to  d^strnc- 
tive  distillation  in  a  retorts  it  afTords  carbonate  of  ammoni*^ 
partly  concrete,  partly  in  solution  in  water,  a  large  quan- 
tity of  a  thick  empyreumatic  oil,  and  a  little  prussic  acid : 
there  is  disengaged  also  carburetted  hydrogen  gas ;.  and 
the  remaining  charcoal,  which  is  in  considerable  qu^itityf 
is  of  difficult  incineration.     From  the  production  of  anw 
monia,  it  is  obrious  that  nitrogen  enters  into  the  compodt* 
tion  of  gluten  :  from  the  large  portion  of  oil  which  it  like^ 
wise  affords,  it  must  contain  much  hydrogen ;  while  none 
of  the  products  indicate  the  presence  of  oxygen  in  aoy  con- 
siderable proportion.    Phosphorus  also  appears  to  exiat  in 
its  composition.     Vauquelin  found,  that  the  liquor  foroi^ 
ed  in  the  preparation  of  starch  from  wheat,  contained  a 
portion  of  phosphoric  acid  in  cortibinatioif  with  lime,  pro* 
bably  derived  from  the  gluten  of  the  wheat ;  and  the  phot* 
phate  of  lime  found  by  tlie  s\me  cliemist  to  exist  in  the 
ashes  of  wheat- flour,  has  probably  the  same  origin.     la 
its  analysis,  therefore,  gluten  presents  all  the  characters  of 
animal  matter,  as  it  does  also  in  being  liable  to  putrefac- 
tion, and  in  aftbrding  nitrogen  from  the  action  of  nitric 
acid. 

Gluten  appears  to  have  tlie  property  of  promoting  fer- 
mentation ;  and  the  action  of  yeast  in  exciting  this  pro- 
cess, has  been  supposcu  to  depend  on  the  gluten  it  con- 
tains. Vauquelin  has  remarked,  that  the  water  in  which 
gluten  has  been  macerated  for  some  time,  converts  sugar 
into  excellent  vinegar  wliliout  efiervescence,  and  without 
tlic  contact  of  the  air  *. 


♦  Annates  du  Museum  d'Hiduirc  Naturwllv*,  ton^.  vii.  p.  4. 
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■  the  nature  of  ttus  principle,  it  must  contribute 
amch  to  the  nutritious  (juality  of  the  grains  in  which  it 
ni&tc,  as  containing  all  the  principles  which  arc  required 
{«  animxl  nutriiion :  hence  the  Eupenority  of  wheat, 
wUdiatniainsit  in  so  large  a  proportion,  to  iheoihernu- 
irititP  giuins.  It  is  on  the  presence  of  this  principle  too, 
that  the  superior  quality  of  bread  from  wheat,  compared 
viihthat  from  the  other  grains  or  roots  depends,  as  Bec- 
cuia  mnarkcd.  The  flour  of  these  forms  with  water  a 
nlid  friable  paste  i  while  the  flour  of  wheat  forms  a  paste 
thai  b  ductile  and  elastic,  the  gluten  forming  the  body  of 
iJk  pute  through  which  the  fecuh  and  saccharine  matt^ 
Vt  diffused  ;  and  when  the  slight  fermentation  which  U 
liffm,  probably  firom  changes  in  the  saccharine  matter 
'wonred  by  the  presence  of  the  gluten,  takes  place,  this 
putB  becomes  Spongy  and  porous,  from  the  disengagemeat 
oi  the  carbonic  acid  gas,  while  it  still  retains  in  some  mea- 
^n  its  elasticity ;  hence  the  lightness  and  porosity  of 
RlUbaked  wheaten  bread.  Bread  possessing  these  qua- 
lities cannot  be  prepared  from  the  farina  of  oats,  barley, 
rrt  or  rice,  or  from  that  of  any  of  the  nutritive  roots,  as 
in  lO  these  the  quantity  of  gluten  is  inconsiderable,  and  iu 
■MM^^ftem  no  trace  of  It  can  be  discovered. 

frluB  been  long  known,  that  the  expressed  juices  of  a 
lunber  of  pUnts,  of  the  cruciform  kind,  contain  a  prin- 
ple  nuio^ous  in  its  properties  to  animal  matter,  which 

liable  to  putrefaction,  and  eroWcs  ammonia  during  its 
■composition.  Rouelle  regarded  this  as  a  variety  of  ve> 
csUe  gluten,  and  he  supposed  It  to  form  the  basis  of 
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the  green  f<;cula  which  i«  coniainod  in  the  ei^fe«s«l 
^ices  of  mjiiy  plnnis.  Fourcroy,  a  number  of  years  af- 
terwards, finding  ihai  this  principle  exists  in  sotutioo  in 
these  juices ;  ihat  it  is  separated  by  coaf;ula[ion  by  hen  ; 
that  it  is  also  coagulated  by  acids,  white  it  is  dissolred  1^ 
al k a>i 3,— proper! iea  in  which  it  approaches  to  the  proxi- 
mate principle  of  animal  matter,  denuniinated  Albninen, 
—considered  it  as  different  from  gluten,  ami  gavf  it  the 
name  of  Vcgrtable  Albumen  *.  Proust  has  more  lately 
called  in  question  the  opinion  of  Fourcroy,  and  revived 
that  of  Rouelle ;  ai)il  the  question  as  to  the  nature  of  thb 
principle,  is  involved  in  some  uncertainty.  It  wants  soine 
cf  the  physical  characters  of  gluten,  but  this  may  be  owing 
to  the  form  !n  which  it  is  obtained  ;  it  appToacliei  to  it  in 
tcverat  of  its  chemical  characters :  and  on  the  wliole  may 
with  most  probability  be  regarded  as  a  variety  of  it.  Af 
Mtch  its  history  may  be  delivered  under  this  section. 

if  scurry  giaM>  cabbage,  cresses,  or  horse-radish,  in 
the  recent  state,  be  subjected  to  pressure}  the  juice  that 
is obtaiaed  is  Bonevhat tnrhid t  but, on raisingits  teii^>ef^ 
ature  to  between  170°  and  312°,  small  flocculi  are  forsw 
ed|  which  ai«  diffused  through  the  liquid,  or  subude  from 
jt,  and  are  easily  separated  by  filtration.  It  is  this  matter 
which  Fourcroy  consideis  as  vegetable  albumen,  or  which, 
with  Rouelle  and  PrOust,  we  may  regard  as  analogous  to 
glmeti.  "^ 

In  its  Kparttion,  part  of  tlie  green  colouring  matter  of 
the  plant,  in  a  state  somewhat  similar  to  fecula,  and  some- 
times of  9  resinous  nature,  adheres  to  it ;  but  Fourcroy 

*  AduUs  de  Chimie,  torn.  iii.  p.  252, 
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M&eeded  in  separating  this,  by  the  following  ptocess: 
The  juice  of  young  cresses  being  passed  through  a  paper 
'floe, left  the  grosser  fecula  suspended  in  it  on  the  filtre  t 
Arfihsfed  liquid,  though  limpid,  was  of  a  green  colour ; 
htt  liter  exposure  to  the  air  for  tWo  hours,  it  became  tur->> 
bid,  aind,  on  being  61tered  again,  became  limpid,  leaving 
ti|iiaQtitj  of  green  fecula  on  the  filtre.  On  now  plung- 
ing the  Tessel  containing  it  into  a  bath  of  boiling  water, 
IBS  few  minutes  it  became  turbid,  and  a  whhish  coagu«- 
litsd  matter  separated  from  it.  Another  portion  of  the 
juoe,  left  exposed  to  the  air  for  two  days,  deposited  simr- 
br  loccnli  $  and  they  were  also  separated  by  the  addition 
tf  salpbttric  acid  *. 

This  concrete  jnatter  was  found  by  Fourcroy  to  be  in- 

tthble  in  water,  even  when  boiling :  it  gaye  d  green  tinge 

to  paper  coloured  with  mallow  flowers :  the  alkalis  dis- 

<olred  it  readily  :  macerated  in  water,  it  swelled,  became 

lofti  exhaled  a  foetid  amcnoniacal  odour,  and  passed  to  a 

>^  of  putrefaction  :  exposed  to  a  dry  and  warm  atmos- 

pbere,  after  having  been  pressed  between  bibulous  paper, 

it  acquired  a  degree  of  ductility  and  transparency  similar 

to  that  of  glue :  subjected  to  destructive  distillation,  it  af- 

ftfded  a  large  portion  of  ammonia.    These  characters  are 

equivocal,  if  regarded  as  serving  to  determine  that  this  is 

a  principle  distinct  from  gluten,  and  analogous  to  animal 

albomem    The  most  characteristic  property  of  this  last 

lobstance  is  its  being  coagulated  by  beat,  separating  from 

liie  liquid  in  which  it  is  dissolved,  and  assuming  a  fioc- 

roknt  form.     So  far  this  principle  contained  yi  tliese  ve- 


*  Anoales  de  Chimie,  torn.  iii.  p.  2.^7. 


getable  juices  reeemblea  albumen.  But  in  the  b 
gluten  it  has  appeared,  thnt,  by  the  medium  of  certain  re- 
ageiitE,  of  a  very  small  quantity,  for  examplei  of  acrtout 
Bcidi  it  may  exist  In  solution  in  water  ;  and  that,  when 
tllis  liquor  is  heated,  the  gluten  separates  in  flakes.  Proust 
has  remarked,  too,  that  the  coagulation  of  this  matter 
fiom  the  vegetable  juices  takes  place  at  li5^  of  Fahren- 
heit, while  albumen  does  not  at  that  temperature  ex[>«fi- 
ence  the  slightest  change.  He  has  farther  found,  that 
when  the  vegetable  juice  is  largely  diluted  with  water,  as 
with  20  pans,  the  peculiar  matter  still  separates  from  it 
by  coagulation,  whea  the  temperature  is  raised  ;  while 
animal  albumen,  equally  diluted,  does  not  coagulate  when 
heated,  the  liquid  becoming  opalescent ;  and  no  flocculi 
separate,  even  when  the  liquor  is  boiled  ", 

This  vegetable  principle  is  coagulated  by  acids,-~a  pro- 
perty in  which  It  resembles  albumen.  But  the  gluten  of 
Tegetables  is  also  precipitated  by  some  of  the  acids.  Al- 
kohol  throw*  down  the  vegetable  albumen,  as  it  has  been 
named,  in  tb«  state  of  an  opaque  whitish  powder  i  while 
it  precipitates  animal  albumen  in  light  flocculi. 

This  principle  is  dissolved  by  alkalis.  But  the  gInt«D 
of  vegetables  is  also  dissolved  by  the  alkalis :  this  latter 
principle  does  not,  indeed,  appear  to  be  so  easily  soluble 
as  the  other  i  but  this  difference  may  arise  from  aggngt- 
tion,  or  from  some  slight  modification  of  composition. 

The  other  characters  enumerated  by  Tourcroy,  as  serv- 
ing to  connect  this  substance  with  albumen,  are  lew  ap- 
propriate.. Insolubility  in  water,  being  liable  to  putrcfao- 


'  Philosophical  Magasine,  vol.  xvii.  p.  S3. 
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ing  ammoniii,  either  when  sulfenng  (his 
daogei  or  when  decomposed  hj  heat,  are  characters  be- 
longrng  to  vegetable  gluten,  as  well  as  to  animal  albumen. 
One  properly  assigned  to  it  by  this  chemist,  which  is 
ptculbr  to  albumen,  ii  changing  some  of  the  vegetable 
calourt,  as  that  of  mallows,  to  a  green.  But  according  to 
Pmutt,  when  it  is  washed  it  does  not  produce  this  change, 
mi  the  juices  in  which  it  is  contained  have  no  such  pro- 
pwijfi  some  of  them  even,  as  the  juice  of  cabbage  or 
!i«Dlock,  render  litmus  red.  When  the  vegetable  princi- 
ple floet  possess  this  property,  therefore,  it  is  probably 
""•itig  10  the  evolution  of  ammonia. 

fruuu  has  pointed  out  Other  properties  in  which  th;s 
principle  differs  from  albumen,  such  as  that  of  being  pre- 
^pitued  by  a  numbi-r  of  neutral  salts,  which  do  not  reii- 
^aUutinen  turbid  i  and  being  much  more  liable  to  spon- 
tiMOM  decomposition  than  albumen.  The  question,  how- 
fW,  ii  not  so  much,  whether  this  principle  is  perfectly 
■be  lame  with  albumen,  as  whether  it  is  essentially  difier- 
«n  ftom  the  gluten  of  wheal ;  snd  the  preceding  facts  ap- 
pear !o  prove,  that  the  differences  between  them  are  not 
ooniidenble,  and  not  sulTicient  to  characterize  them  as  dis« 
tinct  |mi)ci[des. 

One  circonulance  which  confirms  this,  and  strength' 
ens  the  suspicion,  that  this  matter,  separable  by  coagula- 
lion  from  a  number  of  the  vegetable  juices,  is  vegetable 
gltitcn  somewhat  disguised  by  the  state  in  whi'ch  it  exists, 
i(«  that  it  exists  in  the  water  employed  in  preparing  the 
•carch  frDin  wheat-flout,  and  is  separated  from  it  by  coa- 
^laiion  by  heat,  as  Fourcroy  h;tB  remarted,  in  the  same 
mannrr  at  from  the  eiprt-isct!  juicea.  It  is  rather  more 
1,3 


probable,  that  :i  portion  of  the  gluten  known  to  exist  in 
this  flour  shall  be  in  soluilon,  a^d  be  the  substance  separat- 
ed in  this  mari'er,  ihan  that  it  shall  be  a  distinct  priiiciplei 
especially  as  it  is  proved,  that  the  solubility  of  gluten  ii 
promoted  by  the  action  of  acetic  acid,  and  that  this  acid  is 
contained  in  the  water  employed  in  the  preparation  of 
atanh.  Proust  has  accordingly  obecrved,  thatthis  matter 
suffers  changes  like  gluten:  kept  in  a  humid  state,  it  forms 
acetic  acid  and  ?mmonia,  and,  like  gluten,  acquires  the 
odour  and  taste  of  cJieese  ;  and  Fourcroy  has  even  observ- 
ed, in  his  late  researches  with  Vauquelin  on  the  analysis 
of  the  farina  of  wheat,  that  it  is  analogous  to  gluten  *. 

It  is  to  be  observed,  too,  that  there  must  be  considera- 
ble diliiculty  in  obtaining  this  principle,  so  as  to  have  all 
ihc  physical  (jualiiies  of  gluten  by  any  other  process  than 
iHm^  iMA  9t  obfatedwgtoen  of  w^fajtt  Wifcwji 
himself  has  justly  obseTTed,  that  if  a  diflvrent  process  be 
followed  with  regard  to  this  very  substance, — if,  instead 
of  being  made  into  a  paste  and  kneaded  with  water,  it  be 
diffused  at  once  in  a  large  quantity  of  water,  the  separa- 
tion of  the  fecula  no  longer  properly  takes  phce,  and  the 
gluten  is  no  longer  obtained.  It  then  probably  existE  in 
the  water  in  precisely  the  same  State  as  in  the  vegetable 
juices,  and.may  perhaps  be  capable  of  being  separated  by 
a  process  similar  to  that  which  is  applied  to  them. 

According  to  Proust,  the  principle  now  described  exists 
.  in  a  gmt  number  of  plants.  It  ts  found  in  the  expressed 
juice  of  borage,  elder,  aud  buckthorn ;  also,  in  grapes, 
quinces,  apples,  and  other  fruits ;  tnd  in  the  acorn,  ches- 


4  Annates  da  Mu^^um  d'Hinoir*  Naiurrllr,  turn.  vii.  p.  S 
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nuti  horse-chesQut,  rice^  barley,  rye,  pease,  and  beans  of 
all  kinds  *.  Segutn  has  remarked,  that*  it  renders  more 
ssioeptible  erf  fermentation,  the  vegetables  in  which  it  is 
contained. 


SECT.  V. 


OF  ALBUMEN. 


Though  the  principle  which  has  hitherto  received  the 
name  of  Vegetable  Albumen,  appears,  from  the  observa- 
tions in  the  preceding  section,^  to  be  a  variety  of  gluten, 
there  is  reason  to  admit  the  existence  of  a  vegetable  pro- 
duct, to  which  that  name  may  be  with  propriety  applied^ 
aSf  in  the  greater  number  of  its  properties,  it  has  a  strict 
resemblance  to  animal  albumen.  It  exists  in  the  juice  of 
a  plant,  a  native  of  the  Isle  of  France,  the  Carica  papaya, 
and  has  been  made  the  subject  of  experiment  by  Vauque- 
Itnf,  and  by  Cadet  |.  .  Of  all  the  products  of  the  vegeta- 
ble system,  it  is  the  one  which  approaches  most  nearly  tq 
animal  matter ;  and  it  might  indeed  be  regarded  as  a  varie-r 
ty  of  it,  if  its  origin  were  not  known. 

The  juice  which  contains  this  principle  issues  from  the 
tree  white  as  milk :  in  a  few  minutes  it  coagulates ;  floc- 
coli  of  a  white  matter  like  cheese  separate,  and  swim  in 
the  liquid  part,  which,  after  the  coagulation,  is  transpar- 


^  Phil9Sophical  Magazine,  vol.  xvii.  p.  31. 

f  Annales  de  Chimin,  torn,  xliii.  p.  267. ;  torn.  xlix.  p.  2fi).2; 

J:  Ibid.  torn.  xlix.  p.  ^0. 
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enc.     The  jaice  i>  diflused  through  all  the  parts  Of  t 
tree,  but  18  most  abundant  In  the  fruit  while  unripe. 

'I'ht^  experiments  of  Vau(]uelin  were  made  upon  tW 
substance  in  three  states :  Ur,  In  the  solid  state  to  which 
it  had  been  reduced  by  exposure  to  the  sun ;  2dly,  In  its 
natural  state,  it  haring  been  preserved  in  bottles  well  clos- 
ed ;  and,  Sdly,  In  the  state  of  the  natural  juice,  mixed  with 
sugar  to  preserve  it  without  alteration. 

The  juice  impissated  by  exposure  to  the  sun,  isofayel* 
lowish  white  colour  ;  some  parts  of  it  are  even  of  a  pure 
white  and  semi-transparent.  It  is  brittle  and  easily  reduced 
topowderwhcniiis  very  dry:  itmcltaeasilyiii  the  mouth, 
impressing  a  singular  taste,and  exciting  a  copimis  discharge 
of  saliva.  It  Attracts  humidity  from  the  air,  and  changes 
into  a  viscid  paste.  It  is  dissolved  readily  by  cold  water^ 
L  and  fiitll  more  quickly  and  abundantly  by  warm  water ;  » 
sotalt  qmiftity  of  a  whke  manw  only  being  left  unditK^- 
Ted,  which  ha>  an  unctuous  appoarance,  melts  eatHy,  and 
diSusM  an  odonr  similar  to  that  of  empyreumatic  fat.  It* 
conoentrMed  solution  hecomes  turbid,  and  coagulates  on 
ebullition }  but  the  whole  of  the  dissolved  matter  does  not 
separatft  as  a  ponioa  is  precipitated  by  other  re-agent«. 
Alkobol  added  in  Urge  quantity  to  the  watery  solution  of 
the  juice,  precipitates  it  completely,  and  without  occasion- 
ing in  it  any  alteration.  Sulphurict  nitric,  and  muriatic 
acids,  coagulate  it  abundantly ;  and  a  precipitation  if  oc- 
casiofied  by  a  number  of  metallic  solutioosi  as  those  of 
quicltsiWer,  silver,  and  lead.  Exposed  on  burning  fuel* 
it  bums,  decrepitating  slightly,  and  diffusing  a  foetid  ana* 
moniacal  odour,  as  animal  substances  do.  Subjected  to 
deslTuctive  disiilUtioa,  it  gives  much  catbotute  «f  ammo- 
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m%  a  thick  black  oil,  the  greater  part  of  which  fells  to 
the  bottom  of  a  brown  liquidf  which  is  produced  at  the 
suae  time;  carbonic  acid,  and  carburetted  hydrogen  gases 
aiedisengaged,  and  there  remains  a  diarcoal  lighti  difficult 
to  boroi  and  which  leaves  as  ashes,  a  little  earthy  matter 
consisting  of  lime,  and  phosphate  of  lime.  >  Distilled  with 
weak  nitric  acid,  it  gives  a  large  quantity  of  aeri^  fluid, 
consisting  of  carbonic  acid,  and  nitrogen :  and  in  dissolving 
in  die  acid,  it  communicates  to  it  a  yellow  cobur  and  a 
1!^  bitter  taste.  There  is  also  formed  a  large  quandty 
of  pnissic  acid,  and  oxalic  acid.  Lastly,  it  is  liable  to  pu» 
ticf^ion :  its  watery  solution  decomposes  when  kept, 
wA  acqmres  a  foetid  odour,  as  animal  matter  does. 

With  regard  to  the  liquid  juice,  on  opening  the  bottle 
in  which  it  was  preserved,  an  elastic  fluid  was  disengaged 
with  such  violence,  as  to  throw  part  of  the  liquid  to  a 
distance :  this  gas  was  ascertained,  both  by  Cadet  and 
Vanquelin,  to  be  carbonic  acid,  produced  no  doubt  by  the 
decomposition  of  some  principle  contained  in  the  juice. 
Masses  of  a  white  matter  similar  to  cheese,  floated  in  the 
liquor:  these  in  drying,  assumed  the  semi-transparence  of 
bom :  the  dried  matter  softened  when  heated,  and  exhaled 
a  white  vapour,  with  an  odour  similar  to  burnt  unctuous 
matter :  it  dissolved  abundantly  in  warm  alkohol,  from 
which  it  in  part  separated  again  in  cooling.  This  matter, 
evidently  sebaceous,  appeared  to  Vauquelin  to  have  ori- 
ginated in  the  decomposition  of  the  juice  itself. 

The  liquid  part  contained  a  principle  which  had  pro- 
perties similar  to  those  of  the  inspissated  juice,  with  a  por- 
tion of  acetic  acid,  (not  malic  as  Cadet  had  announced),  o- 
r?|^nating  prpbably  from  decomposkioni  as  there  is  no  sen- 


•ibie  acidity  in  tht  inspis9a^ed  juko.  Its  ctlour  was  foetid 
and  very  disagreeable  :  it  had  a  tasie  at  once  acid,  bitter, 
and  a&tringeDr.  When  rendea-d  limpid  by  fikr;ition,  it  had 
AtiJI  die  same  taste  and  smell.  Tlie  acids  coagulated  it 
into  a  mess  very  thick,  which  had  a  great  resemblance  (o 
Uic  white  of  an  egg,  or  to  dried  albumen.  The  action  of 
oxymuriatic  acid  was  rather  peculidr:  when  added  in  smali 
quantity,  it  ga*e  a  ruse  colour  i  in  a  larger  quantity  a  vio- 
let i  and  in  a  still  larger  quantttyi  it  destroyed  the  colour  : 
and  as  these  phenomena  did  not  appear  when  tins  acid  was 
added  to  the  inspissated  juice,  it  follows,  that  some  change 
must  have  taken  place  during  the  inspissation,  subversive 
of  the  property  of  forming  these  colours.  Pure  potassa 
formed,  when  added  to  the  filtered  liquid  juice,  a  preci* 
pit  ate  of  a  white  colour,  and  caused  the  exhalation  of  x 
strung  ammoniacal  odour.  Tlie  liquid  when  filtered  after 
this,  still  assumed  a  violet  colour,  from  the  addition  of 
oxymuriatic  acid.  Alkohol  added  to  the  juice  evaporated 
UDtil  it  had  acquired  the  consistence  of  a  syrup,  produced 
a  Tcry  abundant  prteipitate.  The  infusion  of  galls  formed 
alto  a  precipitate  in  large  quantity. 

The  juice  that  had  been  preserved  with  the  addition  of 
sugar,  had  not  suffered  any  particular  change  i  for  whea 
the  sugar  wai  separated  by  alkohol,  it  presented  the  same 
properties  as  the  concrete  natural  juice. 

Vauquelia  also  examined  a  quantity  which  had  been 
preserved  by  mixture  with  rum,  but  it  appears  to  hare 
uodergone  a  greater  change  in  its  properties. 

Vauqueiin  observes,  that  from  these  experiments  there 
can  be  no  doubt  that  the  juice  of  tbis  tree  is  composed 
principally  of  a  matter  which  has  all  the  characters  of  ant> 
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flnl  substanceSf  approoiching  most  nearly  to  those  of 
albmnen^  sincei  when  drjs  it  dissolves  like  it  in  water : 
the  solution  too,  like  that  of  albumen,  is  coagulated  by 
heat,  by  acids,  alkalis,  metallic  solutions,. infusion  of  galls, 
md  alkohol;  and,  lastly,  ic  affords  by  decomposition  by 
heat,  or  by  the  action  of  nitric  acid,  absolutely  the  same 
products  that  animal  substances  the  most  completely  cha* 
racterized  do.  It  may,  therefore,  properly  receive  the  name 
of  Vegetable  Albumen.  We  cannot,  adds  Vauquelin,  regard 
without  ijiterest  a  substance  produced  by  a  Tegetable,  pre- 
senting all  the  characters  of  animal  matter ;  and  we  per* 
ceive  from  this  example,  that  nature  has  given  to  certain 
species  of  plants,  the  power  of  forming  combinations  simi- 
lar to  those  produced  in  the  animal  machine,-.i.a  fact  in- 
deed estabhshed,  though  undoubtedly  in  a  less  striking  man- 
ner, by  the  production  of  gluten  in  the  vegetable  system. 


SECT.  VI. 


or  GELATIBT,  OR  JELLS'. 


The  jrnce  of  certain  fruits,  as  the  currant,  when  ex- 
pressed, if  not  too  watery,  concrete  into  a  kind  of  tremu- 
lous jelly.  There  is  none  of  the  known  principles  of  ve- 
getables to  which  this  property  can  well  be  assigned  :  it  is 
one,  too,  extremely  characteristic,  and  until  the  subject 
be  farther  investigated,  it  is  necessary  to  consider  it  as  dis- 
tinctive of  a  peculiar  principle,  to  which  the  name  of  Ge- 
latin or  Jelly  may  be  given.     There  is  an  animal  princi- 


pk  wliich  has  received  the  name  of  gelatin,  which  has 
likewise  the  property  of  farming,  with  a  certain  pioporitoa 
of  WAter,  a  tremulous  jelly,  but,  except  in  this  particular, 
vegetable  jelly  appears  to  have  no  simlhiicy  to  it,  nor  does 
it  even  appear  to  approach  to  animal  matter  in  its  chemi- 
cal characters  or  composition  :  it  is  not  liable  to  putrefac- 
tion, but  suffers  that  slow  decomposition  which  vegetable 
natter  in  a  humid  state  usually  undergoes. 

•Scarc;ely  any  observations  have  been  made  on  this  prin- 
ciple, except  what  has  been  incidentally  stated  by  Vauquc- 
lin  in  his  analysis  of  different  vegetable  substances,  parti* 
cularly  in  a  memoir  on  the  analysis  of  the  fruit  of  the  Ta- 
marind *,  and  in  another  on  the  analysis  of  the  pulp  of 
the  Cassia  fistula  f,  in  both  of  which  it  is  contained. 
It  is  roluble  only  in  small  quantity  in  cold  water,  even 
^with  agitation  ;  but  boiling  water  dissolves  it  abundantly  * 
snd  the  solution  forms  a  jelly  when  it  cools.  It  is  neces- 
sary to  obtain  the  gelatinous  consistence,  that  there  should 
be  a  certain  proportion  between  the  gelatinous  matter  an«t 
the  watery  and  if  bcnled  a  long  time  with  water,  it  lotes 
the  property  of  forming  a  jelly.  Hence  the  reason,  as 
Vauquelin  has  remarked>  that  in  the  preparation  of  the 
regetable  jellies,  which  are  formed  by  boiling  the  juices  of 
certun  fruits  with  sugar,  it  often  happens,  that  if  the  pro- 
portion of  sugar  is  tx>t  sufficiently  lai^  to  absorb  the  wa- 
ter  of  the  juice,  or  fom  with  it  a  syrup,  and  if,  in  cotM^ 
quencC)  it  is  necessary  to  boil  the  liquor  to  dissipate  part 
of  the  water,  it  does  not  concrete  into  a  jelly  on  cooling, 
and  the  prc^rty  may  even  be  entirely  destroyed. 

•  Annlej  de  CHmie,  torn.  v.  p.  101  - 
t  Ibid.  torn.  vi.  p.  2S2. 
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oblain?tl  in  a  soitd  form  by  drying.  ThM 
from  the  pulp  of  the  taiQarind,  Vauquelin  found  to  b|  | 
iramparent. 

'^This  principlf^,  >i  least  that  variety  of  it  oblalocd  froin  ' 
the  palp  of  CiissU,  unites  easily  with  alkalis  :  nitric  acid  in.  I 
aHx>rtiing  to  it  oxygen,  causes  it  to  pass  into  oxalic  acid, 
withoat  disengaging  from  it  any  sensible  proportion  of  ni- 
Irogcn  :  it  forms  a  precipitate,  as  Dr  Bostock  has  remarked, 
with  infusion  of  galls.  When  subjected  to  destructive  dis- 
tillation, along  with  the  elastic  fluids  usually  obtained 
fTom  the  decomposition  of  vegetable  substances,  it  affords 
Wach  pyromocoug,  or  empyreumattc  acetic  acid,  very  little 
oil,  and  almost  no  ammonia.  When  burni,  its  ashes,  which 
31%  in  small  proponion,  contain  a  little  carbonate  of  potaASa* 
c^tbonate  of  lime,  argil,  and  oxide  of  iron. 

Pouicroy  has  supposed  that  this  gelatinous  matter  is  i 
•^^^fftbination  of  mucilage  and  vegetable  acid  ; — an  opinion  ] 
that  is  vague,  and  liable  to  the  objection  that  we  do  not 
P^rccire  how  the  addition  of  the  acid  could  so  fax  modify 
*"*  piDfcrties  of  mucihge,  nor  have  we  any  proof  that  it 
*=oui(i  ptoduce  such  an  effect. 

^^^^BkcoiM  lad  supposed,  that  a  principle  still  more  strtet' 

^^^PBtialogous  to  animal  gelatin  exists  in  some  vegetables, 

*^**ioilaity  in  Peruvian. bark,  its  presence  being  recogni- 

^^'^»  at  he  supposed,  by  a  character  peculiar  to  animal  ge- 

^**»*,  (hat  of  forming  sn  insoluble  magma  or  precipitate 

^^*h  infution  of  tanin.     In  tliis  principle  he  even  suppos- 

*liai  the  febrifuge  power  of  this  bark  resided,  and  with 

*^*^ti  Goafidence  lecemmendcd  animal  glue  as  a  gubsti- 


rate  *.  On  this  subject  Bome  experiments  were  mac 
Dr  Duncan yu/t IS r.  He  found,  that  a  principle  ()oes  exist 
,  in  Peruvian  bark,  whicli  combines  with  t:inin,  und  fcirmi 
-  <St  compound  sparingly  soluble  in  water.  But  it  is  in  no 
ftiher  property  anabgons  to  gdaiin.  Its  lotution  ha  no 
,'  nntlciicy  to  assume  a  gelatinous  consistence  ;  and  it  is  not 
precipitated  as  animal  gdatin  is,  by  carbonate  of  potassa. 
It  is  also  soluble  in  alkohol,  while  gelatin  is  precipitated 
by  alkohol  from  its  watery  solution.  And  it  does  not  even 
scpatatc  ftom  a  watery  solution  of  tjnin,  all  (hat  is  preci- 
pitable  by  a  solution  of  gelatin.  Until  its  characters  are 
more  fully  deiermlned,  Dr  Duncan  has  proposed  to  di>- 
tinguisli  it  by  the  name  of  Cinchonin  f .  Vau^ueliii,  in  hie 
analy^isof  the  various  species  of  cinchona,  has  shewn,  that 
there  arc  some  which  contain  none  of  tliis  piinciple,  and 
wliich  arc  not  inferior  to  the  others  in  medicinal  power.  He 
h.is  added  in  the  same  memoir,  someolher  observations  with 
regard  to  its  properties,  but  its  distinctive  characters  arc 
not  yet  well  atceruined  %■ 


Caodtchodc,  or,  as  it  is  usually  though  Improperiy 
pamed,  Elastic  Gum,  is  a  vegetable  substance,  which  in  se- 
veral of  its  physical  qiulitiesj  as  well  as  in  its  chemical  re- 


*  NicholKm's  Journal,  vol  vi.  p.  136.         -f-  Ibid.  p.  225. 
t  Philosophical  Maguiae,  vol,  xxvii.  p.  36.  133. 


OV  CAOUTCnOLX'.  -ITo 

l«,  his  some  s'tmilariiy  to  vegetable  gluteti,  and  which 
to  far  agrees  both  with  it  and  albumen,  as  to  approach  in 
ihe  nature  of  its  composition  to  animal  matter.  It  in  some 
in«««ire  connects  hUo  the  preceding  principles  with  those 
winch  are  to  follow,  and  I  therefore  pkce  it  in  itiis'part 
of  the  arrangement. 

The  substance  to  which  the  name  -of  Caoutchouc  or  E- 
lafl'w  Gnm  has  been  given,  was  btnught  fiom  Spanish 
America,  in  the  form  of  hoMow  spheres  or  bottlea,  in  which 
'•tue  it  h  stilt  imported  into  Europe ;  hence  it  must  have 
Uililer^one  some  anilicial  preparation.  Condamine  gave 
th»  information,  that  it  is  the  inspissated  juice  of  a  tree  be- 
longing to  tlic  family  of  the  Euphorbia,  which  has  sincft 
■*«tive(l  ihe  botanical  name  of  HiEves  guiatiensia,  or  Hue- 
^"n  caoutchouc.  Incisions  ate  made  in  the  baik  of  thtS 
*''*p,  and  a  mtlky-juice  exudes.  This  is  applied,  in  suo 
•^'■ssive  coatings,  over  a  mold  of  clay  ;  is  dritd  by  exposure 
">  the  snn,  and  afteiwards,  by  being  placed  in  the  smoke 
'">m  btiming  fuel  i  when  dry,  the  clay  mold  is  broken  and 
■***  fragments  arc  extracted,  and  in  this  manner  the  sphe- 
"^»l  bottles  are  formed. 

^t  his  since  been  discovered,  that  caoutchouc  Is  not  ei- 

*'a»ively  the  produce  of  this  vegetable,  but  is  fumiihed  by 

***««T  plants,  either  perfectly  the  same,  or  with  very  slight 

^'•'**tions  of  properties.      It  is  obtained  in  large  quantity 

'**»»*  the  Jatropha  eUsiica,  a  native  of  diffi:rent  provinces 

^  S<iuih  America.     Dr  Roxburgh  has  described  another 

^S^tablc,  a  native  of  India,  the  Urceola  elasiica,  which  af- 

^'■*1»  ■  juke,  which  when  thickened  has  the  pioperiiei  of 

*    American  caoutciiotic  ;   and  he  has  farther  observed, 

^^*^  ibtn  are  many  oihct  trees,  natives  of  the  toirid  zone. 
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that  yield  a  milky  juice,  possessing  qualitie 

same  nature ;  as  Artocarpus  integrifolia,  Ficus  Indica,  F»- 

cus  religiosus,  Hippomane  biglanJulosa,  Stc  '. 

Fourcrny  procured  specimens  of  the  juice  of  the  caout' 
chouc  in  the  state  in  which  it  exists  previous  to  its  inipis' 
sation,  from  the  island  of  Bourbon,  from  Cayenne,  ttA 
the  Brazils,  and  examined  its  properties.  Each  of  theae 
contained  a  white  turbid  liquor,  of  an  unsupportable  fcetid 
smell  i  ii)  the  midst  of  which  was  a  white  concrete  nutter, 
nther  spongy  at  its  surface,  very  elastic,  of  a  soft,  fine, 
and  close  texture.  These  concretions  had  the  form  of  the 
bottles  that  contained  them,  but  were  less  in  size  :  they 
had  been  deposited  by  time,  and  without  evaporation,  for 
the  bottles  were  well  closed,  and  had  tost  nothing.  The 
juice,  when  exposed  to  tlie  air,  became  speedily  corererf 
with  a  crust  of  elastic  gum.  In  a  vessel  filled  with  osy 
gen  gas,  the  liquid  afforded  an  elastic  pellicle  more  speed- 
ily, and  a  sensible  absorption  of  gas  took  place.  Alkobol 
separated  flakes,  and  oxymurtatic  acid  immediately  fom- 
ed  an  elastic  precipitate.  From  these  experiments  he  coiw 
eluded,  that  caoutchouc  exists  ready  formed  in  the  juice  of 
the  tree,  and  is  capable  of  being  separated  in  the  concrete 
form  ;  but  that  a  portion  also  exists  not  sufficiently  perfect 
to  be  deposited  with  its  elastic  property ;  that  it  acquires 
this,  together  with  its  inspissaiion,  from  the  action  of  oxy- 
gen ;  and  that  by  this  operation,  exposure  to  the  atmos- 
phere influences  the  concretion  of  caoutchouc  in  the  usual 
process  in  which  it  is  brought  to  the  solid  form  f.  Dr 
Sozbnigh  has  likewise  observed,  that  the  milky  fluid  which 


•  Kicholsoii's  Journal,  4-to,  vol.  iii.  p.  435. 

f    (  Annales  de  Chitnie,  torn.  xi.  p.  223. 

I  Chemical  System,  vol,  viii.  p.  46. 
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ooztB  {torn  incisions  in  the  bark  of  the  Urcecla  dasdca, 
feparates  on  exposure  to  the  air  into  a  firm  elastic  coagn- 
lam,  and  a  watery  liquid  ;  the  coagulum  becoming  of  a 
darker  cokmr  from  the  action  of  the  air,  and  being  no 
longer  soluble  in  the  liquid^  though  before  intimately  blend- 
ed with  it.  The  purest  caoutchouc  Fourcroy  supposes  to 
be  that  which  separates  spontaneously  from  the  juice  in 
dose  vessels.    It  is  white,  or  of  a  light  fawn  colour. 

Hie  properties  of  caoutchouc  have  been  determined, 
however,  principally  from  the  state  in  iriiich  it  exists  in 
the  elastic  bottles  imported  into  Europe ;  and  in  this  state 
its  properties  do  not  seem  to  be  much  difierent  from  those 
of  the  pure  caoutchouc.  Its  colour  is  a  light  brown ;  its 
external  surface  is  smooth ;  its  internal  texture  is  rough, 
and  presents  a  fibrous  appearance.  Its>  specific  gravity  is 
neatly  the  same  with  water,  being  from  9.S3S5,  to  10.000. 
It  is  inodorous,  and  is  destitute  of  taste. 

The  most  remarkable  physical  property  of  which  this 
substance  is  possessed,  and  which  eminently  distinguishes 
it|  b  its  high  elasticity.     It  can  be  stretched  to  a  great 
lengdi,  and  when  the  force  that  has  been  applied  to  it  is 
withdrawn,  it  returns  to  its  former  dimensions.  Its  pliancy 
is  increased  by  heat,  while  it  is  rendered  more  rigid  by 
cold;  and  its  softness,  which  is  connected  with  the  former 
quality,  is  so  much  increa^d  by  warmth,  that  it  cnn  be 
numlded  into  any  fo^ m,  and  two  parts  newly  cut  may  even 
Impressed  together,  so  as  to  be  intimately  united.     A  cir- 
cumstance rather  singular  has  been  observed  by  Mr  Gough, 
with  regard  to  its  extension,  that  when  it  has  been  render- 
^  quite  pliant  by  heat,  as  by  keeping  it  for  a  short  time 
>o  water  at  130°,  on  stretching  it  suddenly,  its  temperature 
Vol.  IV.  M 


t,  if  Ae  liHpa^^K  be  tfwMJAcd,  bat  its  cbsbani 

CaotABt,  eapaMJ  ia  z  iby  ttHe  b»  a  high  wafo* 
fore,  hAonv  nrdb,  and  cain  B.%6d  odour  ii 
riwT  nf  inhml  ■nhmTi  -  ii  rhr  hi^  it  JOf  n  i  i  li.  ir  tn-^ 
into  »  vifcid  nutter,  aod  icnniM  in  Am  itate  n-hen  iiil^ 
If  heated  tnffieiaitif  liigb,  it  uke*  fiiei  and  bums  widii 
nmd  fif^lit,  and  dense  <inoke ;  in  the  conntiies  in  w-h'tdi' 
ii  produced,  it  hat  been  used  for  lorches. 
'  'I'liii  kubhtance  i>  perfectly  insoluble  in  water :  it  Ui^ 
If  iird  wlicn  imiTiL'TSc-if  in  warm  water,  as  has  been 
iriiMlkrd,  ail  tflecr  depending  rather  on  the  tenipcnifl 
Hiitii  iin  lh«  H^Micy  nf  the  water.  Even  when  the  v' 
ia  \m\n\  (ni  it  lur  a  long  time,  it  preserves  M  at  iib60 
mill  xliiMlt  Ity,  MtuI  hufTers  no  apparent  change. 

n  la  mUi>  itKidublr  in  nikohol  :  by  boiling  tbe  *ii 
itpitit  II,  11  U  <li'|<rivftl  only  uf  the  carbonaceons  MM 
wlilt'll  U  liil«>i|ii>Hnl  lirlwi-en  each  layer  of  it,  a*  «d 
|i|f>piii>il  I  li  IK  llu'r«-lt>rp  liyiliis  operation  TendetediA 
Irn,  Miiil  ilii'  Ufvi*  Ivt-tiine  more  apparent. 

'    Nlrtiutivilrl   Ml|■l))vt'^.  New  ^erifj,  ?qL  i.   p.   iSS. 
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EtheTi  a  product  of  alkohol^  dissolves  it.     Macquer  ob- 
lenred,  that  highly  rectified  sulphuric  ether  dissolves  it 
,4  readily  i  and  by  evaporation,  the  caoutchouc  may  be  ob- 
labed  in  the  solid  state  unchanged.     Bemiardi  on  the 
€ttitrary»  found  caoutchouc  insoluble  in  sulphuric  ethery 
—a  di£ferettce  of  fesult,  explained  by  a  fact  discovered  by 
CavallOf  that  ether  is  a  proper  solvent  of  this  substance, 
only  when  it  has  been  previously  well  agitated  with  wa- 
ter ;  by  which  the  small  portion  of  sulphurous  acid  it  con- 
tains at  its  first  production  is  removed.  Pelletier  has^obser- 
f  ed,  that  if  the  caoutchouc  be  previously  boiled  in  water, 
ttoitil  it  is  swelled  and  softened,  it  is  easily  and  complete- 
ly dissolved  by  the  ether,  and  a  very  saturated  solution  ob- 
tained *•  Berniard  discovered,  in  the  series  of  experiments 
which  he  published  with  regard  to  this  substance  f  ,  that 
it  is  dissolved  speedily  in  nitric  ether,  the  liquid  acquiring 
a  fine  yellow  colour,  even  in  the  cold ;  and  when  heat  was 
applied,  the  whole  nearly  of  the  caoutchouc  was  dissolved. 
At  the  same  time  he  observed,  that  this  can  scarcely  be 
coosidered  as  a  proper  solution,  but  that  it  is  rather  owing 
to  the  decomposition  of  the  caoutchouc,  by  the  action  of 
the  nitric  acid  contained  in  the  nitric  ether :  and  he  accord- 
iDgly  found,  that  when  the  solution  was  evaporated  slow- 
Ifi  a  substance  was  obtained  of  a  yellow  colour,  transparent, 
friaUe,  and  entirely  soluble  in  alkohol,  having  therefore  all 
the  characters  of  a  resin,  and  which  was  not  elastic.     Dr 
.  Roxbargh  did  not  find  the  caoutchouc  of  the  urceola  solu- 
Ue  in  nitric  ether,  perhaps  from  the  ether  he  used  having 
b^en  free,  or  nearly  so,  f;om  nitric  acid. 


*  Memoires  de  Plnslitut.  National,  torn.  i.  p.  5Q, 

t  Journal  de  Phvsique,  torn.  xvii.  p.  277. 
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Macqu«r  found,  that  the  Tolalile  oils  dissolve  ( 
chouc  by  the  asMStance  of  heat :  this  was  conErmcd  hy 
llerniard,  who  examined  several  of  these  solutions,  as  thoffe  1| 
foriUfid  by  the  oils  of  lavender,  spike,  and  turpentine,  'i^ey 
ore  viscid,  and  ev^n  when  inspissated  remain  clammy.  He 
found,  that  it  was  likewise  dissolved  readily  by  ihu  fixed 
oils  when  they  were  builnl  on  it,  and  also,  though  more 
sparingly,  by  melted  wax. 

The  alkiilis,  according  to  Bcmiard's  expenmeiits,  do  not 
dissolve  caoutchouc  in  the  colil  :  when  macerated  fot  six 
days  in  soapmakers'  ley,  it  was  not  sensibly  altcicd ;  but 
on  boiling  ihein  for  half  an  hour,  it  was  corroded. 

The  acids  act  upon  it,  not  dissolving,  but  decomposing 
it.  In  BeTiiiard'«  experiment,  sulphuric  acid  did  not  uct 
imtnediately  on  caoutchouc  immersed  in  it,  but  at  the  end 
of  fifteen  days  the  acid  was  coloured  ;  it  at  length  became 
perfectly  black,  and  each  remaining  fragment  had  the  ap- 
pearance of  a  picco  of  tharcoiil.  The  acid  when  distilled, 
putedoTsi  almost  entirely  in  the  state  of  sulpburaus  acut. 
Weak  nitrous  acid,  digested  in  the  cold  an  caoutchoucj  pro- 
duced ui  lis  dBy«  no^  sensible  cKange,  but  at  lenjfth  gra. 
dually  corroded  and  hardened  it,  rendering  it  yellow ;  tke 
Strong  fuming  acid  deoomposed  it  very  quickly.  Mumlie 
acid,  either  in  the  cold  or  with  the  astistance  of  heat,  did 
o*t  tensibly  alter  it :  and  even  at  the  end  of  two  montluf 
tlw  caoutcboac  immersed  in  it  had  preserved  its  cdoar, 
elaiticity,  and  weight.  Acetic  acid,  in  the  sfiite  of  die- 
tilled  vinegar,  bad  no  effect  upon  it '.  ' 

Caoutchouci  decomposed  by  haat  in  dote  vessels,  at- 


*  Jounul  de  I'b)si<iuei  torn.  xvii.  p.  274. 


totdcd,  in  an  experiment  inufe  by  Bcrniard,  a  watery  fi- 
i|uid,  and  an  en)p]rieum«ic  ail,  with  ammonin  :  the  ebttic 
producis  he  did  not  collect :  ilierc  remained  a  qtuntity  of 
chnroal.  In  this  aiialysia,  imperfect  at  it  is*  we  perceive 
1^  ip^ximuion  of  this  subBUnce  in  cofflpoeitjon  to  ve- 
gibbie  gluten.  Foufcroy  found  too,  that  caoutchouc 
imml  by  nitric  acid  a/Forded  nitrogen  gas,  vriUi  carbonic, 
piDuic,  and  oxalic  acids  *. 

This  tubftance  is  capable  of  being  applied  '.o  important 
puposcs.  from  its  lofiness  and  ficxibiUty,  its  elasticity, 
■ndpanicubrly  itsinde&trtictibility,  :iiiJ  not  being  affected 
bj  lii,  wiitcr,  or  indeed  the  greater  number  of  chemical 
(ifratt.  Tubes  for  con*eying  ga&es,  and  other  cbemical 
ii»<ii)ineflt8,  are  accordingly  prepared  froni  it :  and  bou- 
pi.  cilheters,  ami  limilar  surgical  inBtrumentS  of  caout- 
tWc,  arc  much  preferable  to  what  can  be  prepared  from 
""J  other  substance.  The  dHficulty,  however,  in  apply- 
"ilitio  these  use*,  and  which  renciers  instrumenta  pre- 
pnfdfrom  it  of  a  high  price,  is  that  of  finding  a  eolveni 
lAickcandiuolve  k  without  alieraiion,  so  thatb;  inspii- 
tmm,  it  can  be  obtained  witii  it9>ehsiicity  and  other  va- 
hAte  properties  unimpaired..  The  subject  has  engaged 
if  a  number  of  chemists,  and  different  me- 
Bome  of  which  are  at  present  employed. 
Maoq^ier  faaelng  discovcrrd  the  solubility  of  c^ioutchouc 
bn  cdirr,  supposed  tliat  advantage  might  be  taken  of  thia, 
as  to  apply  i>  tatliese  purposes  :  the  concentrated  sa- 
latMm  being  applied  oa  a  mould  in  successive  Liycis,  each 
UfCT  being  allowed  to  dry  before  another  was  laid  ever  it. 


•  Aiuiiles  dc  Cliimie,  torn.  xi.  p.  230. 
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This  method,  howcrer,  is  too  tedious  and  expensive  to  a^i' 
mit  of  being  much  used. 

The  solutions  of  it  in  oils,  can  scarcely  be  employed  i^ 
this  manneri  as  the  inspissated  caoutchouc  always  remain^ 
clammy,  and  cannot  be  rendered  perfectly  dry,     Dr  'Riitt< 
burgh  found  j  however,  that  the  solution  of  it  in  what  has 
been  named  Cajeput  oil,  obtained  by  distillation  from  the 
leaves  of  the  Melaleuca  leucadendron,  dried  perfecdy  with- 
out any  remaining  clamminess ;  so  that  **  a  piece  of  cat- 
gut, covered  with  the  half  inspissated  solution,  and  rolled 
between  two  smooth  surfaces,  soon  acquired  a  polish  and 
consistence  very  proper  for  bougies  *.'* 

Grossart,  in  a  memoir  on  this  subject  f,  proposed  a  me** 
thod  in  which  the  caoutchouc  was  not  fully  dissolved,  but 
merely  softened  so  far  that  it  adhered.  A  common  botde 
of  it  was  cut  into  a  thin  slip,  and  this  was  macerated  in 
sulphuric  ether  until  it  was  softened.  It  was  then  remov- 
ed, and  rolled  spirally  round  a  mould,  taking  care  to  press 
with  the  hand  the  sides  of  it  closely  together,  and  com- 
pressing the  whole  by  a  slip  of  tape  and  thread.  A  hol- 
low tube  was  thus  formed  on  the  mould,  and  if  this  was 
made  a  little  conical,  it  was  easily  withdrawn  :  or  this  was 
facilitated  by  plunging  the  whole  in  warm  water,  which 
softened  and  expanded  the  caoutchouc.  To  lessen  the  ex- 
pence,  Cirossart  employed  oil  of  lavender,  or  oil  of  turpen- 
tine, instead  of  the  ether,  and  found  that  either  of  them 
answered  sufficiently  well  ;  a  longer  time  only  being  re» 
quisite  to  have  the  tubes  perfectly  dry  and  firm.      And  in 

^  Nicholson's  Journal,  4 to,  vol.  iii.  f).  439 
■I    Ann;»lps  de  Chimic*,  l^>m.  li.  p.  liS. 
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;uiing  ihese  researches  he  founi^i  that  the  &ame  pur-, 
lfc*»«  was  aiuined  merely^by  wjirm  water;  which,  proceed-; 
ng  in  the  6ame  method  as  with  the  ether,  softened  ihe  sl![>'< ' 
of  caou!chouc  so  completely,  that  its  sides  formed  a  ] 
(cct  adhesion.     This  is  the  method  now  generally  foHow- 
rt,  I  believe,  in  die  consiruetion  of  iiisiruments  of  caoui- 
elniiG    The  following  directinos  have  been  given  for  tbc 
nanigetnem  of  the  process,  the  heat  being  best  applied  by 
dke  mediiiin  of  boiling  wjier :  "  Split  a  slick  of  cane,  and 
dien  apply  together  again  the  split  pieces,  but  with  a  slip 
of  whalebone  interposed  between  them.     Cut  the  elastic 
gam  into  slips  fit  for  twisting  over  the  prepared  cane,  so 
M  10  cover  it  1  then,  by  daly  heating  the  surface  of  the 
cane  covered  with  the  caoutchouc,  it  will  melt  so  as  to  form 
oiw  piece,     Wltcn  cold,  draw  out  the  interposed  whale- 
bone from  betwocn  the  split  cinej  by  which  means,  wieli- 
oat  difficulty,  the  whole  substance  of  the  cane  may  then 
be  readily  withdrawn  from  under  the  covering,  thus  leav- 
ing the  tube  formed  4S  desired  "." 

'ilic  solution  of  caoutchouc  in  some  of  the  oils,  has 
been  uncd  as  a  varnish,  to  render  fleKible  substances,  as 
»nc.  Sec.  impeTioeable  to  water  or  air.  It  has  the  advan- 
tage of  being  perfectly  flexibit',  but  it  is  long  before  it 
inett  and  it  is  liable  to  be  softened  by  a  very  modcTale 
heat.  To  Tender  it  less  viscid,  it  is  generally  prepared 
mixture  of  volatile  and  expressed  oil. 


Bt  vegetable  product  which  is  known  by  the  name  of 
DiRDLiHE,  has,  in  many  of  its  properties,  a  close  resem- 


•  Philoiophicil  MairB^ini'. 
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bhncc  to  caoutchouc,  being  like  it  poascseed  of  great  te-   ' 
nacity  and  elasticity,  and  having  nearly  the  same  general 
chemical  properties ;  so  much  so,  that  they  may  perhaps  be 
regarded  as  ^-atieiies  of  the  same  principle. 

Uirdlime  appears  to  be  a  natural  production,  and  exudes 
spontaneously  from  certain  vegetables,  forming  a  viecid 
matter,  which  collects  on  their  leaves  or  stems.  It  la  tbu» 
secreted  in  considerable  quautltf  by  the  Robinia  viscos). 
It  is,  however,  generally  extracted  by  an  arttlicial  process* 
which  is,  in  some  measure,  kept  secret.  The  fotlowtng 
account  of  it  is  given  by  Geoffrey :  "  The  iimer  bark  of 
the  holly  is  boiled  in  water  seven  or  eight  hours,  till  it  be- 
come soft  and  lender.  This  is  laid  in  masses  in  the  earth, 
and  covered  with  stancs,  placing  one  layer  over  another, 
the  water  having  been  previously  drained  from  the  bark. 
In  this  state  it  is  left  to  ferment,  during  a  fortnight  or  three 
weeks,  in  which  time  it  changes  to  a  kind  of  mucilage.  It 
is  then  taken  from  the  pit,  pounded  in  mort^trs  till  redu- 
ced to  a  paste,  washed  in  river  uatiT,  and  kneaded  till  ' 
freed  from  all  extraneous  matters.  The  paste  is  left  in 
earthen  vessels  during  four  or  five  days,  to  ferment  and 
purify  itself.  It  is  afterwards  put  into  proper  vessellf  and 
thus  becomes  an  article  of  commerce  *."  The  same,  or 
2  similar  substance,  is  prepared  from  other  vegetables  i  aa 
from  the  wild  vine,  a;tJ  [he  different  species  of  inislctoe  : 
and,  as  remarked  by  Lagrange,  who  has  lately  submitted 
it  to  chemic.kl  invesiij^atian,  the  birdlime  of  commerce  is 
often  a  composition  of  the  above  preparation,  with  oil,  tur- 
pentine, and  other  viscid  substances.     To  obtain  it  pure, 


*  Nicholson's  Joumil,  vol,  xiii.  p.  145, 
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he  prep2i«d  it  from  the  inner  bark  of  the  holly,  by  a  pro- 
cess nearly  the  same  ^s  that  described  by  Geoffroyi  and  it 
IS  from  hie  memoir  *  that  the  following  account  of  its  pro- 
perties is  principally  taketi. 

It  is  of  a  greenish  colour,  and  has  a  flavour  somewhat 
acescent :  its  smell  is  similar  to  that  of  linseed  oil :  it  is  ex- 
tremely viscid  and  tenacious;  and  when  the  hands* ace 
wet,  so  that  it  can  be  handled,  it  can  be  stretched  out  to 
i  great  length,  and  on  withdrawmg  the  stretching  force^ 
it  gradually  returns  to  its  former  dimensions.  When 
stretched,  its  texture  appears  distinctly  fibrous* 

Spread  on  a  glass  plate,  ;ind  exposed  to  the  action  of  air 
and  light,  it  dries  slowly,  becomes  brown,  and  loses  its 
viscosity,  so  that,*  when  quite  dry,  it  can  be  reduced  to 
powder ;  but  it  recovers  it  on  the  addition  of  water. 

It  reddens  the  infusion  of  litmus,  from  the  presence  of 
a  small  portion  of  acetic  acid,  which  is  probably,  however, 
foreign  to  its  composition. 

'  When  heated  gently  in  a  porcelain  vessel,  it  melts, 
though  without  becoming  very  liquid,  and  swells  in  bub- 
bles which  rise  to  the  surface  :  if  the  fusion  be  continued, 
it  acquires  a  brown  colour  9  but  on  cooling,  it  recovers  its 
characters.  Placed  on  burning  fuel,  it  burns  with  a  bright 
fiame,  and  the  emission  of  much  smoke  ;  and  it  equally 
takes  fire  and  bums  when  raised  to  a  red  heat  in  a  crucible : 
a  whitish  residuum  is  obtained,  which  is  very  alkaline,  and 
in  which  re*agents  discover  the  presence  of  sulphate  and' 
muriate  of  potassa,  and  which  contains  also  carbonates  of 
^inie  and  argil^  with  a  small  portion  of  iron. 


*  Nicholson's  Journal,  vol.  xiii.  p.  144fi 


Wklcr  iiii  Uiilc  actioD  on  birdlime.  On  boiling  it  in 
a  quaiiiiiy  of  water,  it  docs  not  dissolve,  but  acquim  ra- 
ilicr  more  fluidity^  which  it  loses,  howcrfr,  in  cooling  « 
and  (he  water  receives  merely  a  slight  impregnation  of  a- 
cid  and  of  mucilage. 

The  nctioi)  of  thf  alkalis  on  it  is  energetic.  Pure  po-  - 
lassaforme  with  it  a  whitish  magma,  ammonia  being  ai  the 
aame  lime  evolved.  This  matter  is  lc£s  viscid  than  bird- 
lime :  it  hardens  from  exposure  to  the  air,  and  Us  lasic 
.  and  unell  are  similar  to  (hose  of  so^p  :  it  is  almotit  en- 
lirL-ly  soluble  in  wUct  and  in  alkohol  as  soap  is,  and  is  de- 
composed like  it  by  the  acids. 

The  acid>  likewise  act  on  birdlime  :  uhen  diluted,  they 
soften  and  partly  dissolve  it }  wlien  concentrated,  they  de- 
compose it.  Sulphuric  acid  blackens  it,  evolves  charcoal* 
and  causes  a  fornration  of  acetic  acid  and  ammonia.  Ni- 
uic  acid  iu  the  cold  has  liiilc  effect  on  it  ;  but,  on  apply- 
ing heat,,  the  mixture  becomes  yellow,  the  birdlime  dis- 
solves, and,  as  the  evaporation  advances,  swells,  leaving  at 
length  a  hard  brittle  mass.  This,  by  being  again  lub- 
jecied-to  the  action  of  nitric  acid,  is  converted  into  oxa- 
lic and  malic  acids.  Muriatic  acid  in  the  cold  baa  no  aci 
don  on  birdlime :  when  hrated  on  it,  it  turns  it  black. 
Oiymuriatic  acid  produces  on  it  important  changes,  «- 
^r  by  shaking  the  gas  with  the  water  containing  bird- 
lime, or  by  stirring  it  with  the  acid  in  a  concentrated  state : 
,  the  birdlime  loses  its  colour,  and  becomes  white :  it  is 
no  longer  viscid,  but  in  hard  masses,  containing  in  thnr 
central  part  a  quantity  of  birdlime,  to  which  the  acid  baa 
not  beei>  able  to  penetrate ;  and  it  is  also  no  longer  fu- 
sible.    Thetc  changes  appeaf  to  be  owing  to  the  cvygeo- 
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izement  of  the  birdlime.  Acetous  acid  softens  it^  and 
ditlolves  a  certain  quantity,  the  liquor  acquiring  a  yel- 
low colour. 

A  number  of  the  metallic  oxides  are  reduced  when  heat- 
ed with  birdlime.  Oxide  of  lead  forms  widi  it  a  compound 
of  the  consistence  of  plaster. 

Alkoholy  when  boiling,  dissolves  birdlime :  the  8oli|tion»^ 
while  hot,  h  transparent,  but  becomes  turbid  as  it  cools  % 
and  a  yellow  matter  may  be  separated  by  filiation,  which 
b  softer  than  the  original  mass,  melts  in  a  moderate  heat^ 
and  diffuses  an  odour  similar  to  thaf  of  wax,  of  the  pro- 
perties of  which  it  appears  to  be  possessed.  The  filtered 
liquor  is  bitter,  nauseous,  and  acid  ;  affording  a  precipi- 
tate on  the  addition  of  water,  and  leaving,  on  evaporation, 
a  substance  similar  to  sesiii. 

Sulphuric  ether  is  the  proper  solvent  of  birdlime :  it 
dissolves  it  rapidly,  anci  nearly  entirely,  leaving  only  any 
impurities.  The  solution  is  of  a  greenish  yellow  colour^ 
and  reddens  infusion  of  litmus.  On  adding  water  to  it, 
the  mixture  thickens,  and  the  ether  swims  on  the  top :  if  a 
saiEcient  quantity  of  water  is  added  to  dissolve  the  ether, 
a  quantity  of  oil  is  formed  on  the  surface,  having  a  consi- 
derable analogy  to  that  of  linseed.  By  evaporating  the  so- 
lution of  birdlime  in  ether,  a  greasy  substance  is  obtained, 
of  a  yellow  colour,  and  of  the  consistence  of  wax. 

Some  chemists  have  supposed  birdlime  analogous  to  glu- 
ten -,  and  there  are  certain  points  of  resemblance  between 
them.  It  differs  from  it,  however,  as  Lagrange  has  re- 
marked, in  being  much  less  animalized  ;  hence  it  is  not 
liable  to  putref action,  but  c^n  be  preserved  in  water  a  long 


time  without  any  senBJflflH(riiange :  it  difFen  also  in 
great  quantity  of  resinous  mflter  that  may  be  formed  ft 
it  by  nitric  acid,  and  in  its  solubility  in  eihcr. 

It  is  much  more  analogous  to  caoutchouc,  with 
however,  it  has  not  been  usually  connected.  Like  it,  if 
ii  poEScesed  of  gteat  tenacity  and  eldt>tit:ity ;  is  fusiblefj 
iitfijjnmible,  afiiarding  much  smoke  iu  its  cumbuetion 
is  insoluble  in  water,  soluble  in  ether  i  and  uuiTcrs  changos 
(Otnewbat  stmtlai' from  the  acids,  and  even  from  the  aU 
kalis.  It  differs  from  caoutchouc,  in  being  rather  more 
easily  acted  on  by  these  agenta,  in  being  soluble  in  alko- 
hoi,  nad  in  appearing  to  suffer  rather  more  change  in  iit 
cofiMiiutioR  from  these  combinations.  But  tlkcse  difFel» 
ences  are  not  very  cansidentble,  and  perhapj  not  greatei 
than  whit  may  occur  in  varieties  of  the  same  species, 

This  conclusion  receives,  perhaps,  confirmation  froni  an 
obterration  msde  by  Dr  Roxburgh.  The  caoutchouc  of 
the  Fictu  religiosiis,  the  Ficus  lodica,  and  the  Artocarput 
iiitq;rifotia,  be  found  to  be  much  less  ^stic  than  that 
from  the  Hmea  or  the  Urceolii,  but  much  more  visci4 1 
while*  in  inflammability,  and  in  their  relations  to  the  acidt 
■nd  oither  chemic4  agents,  they  are  nearly  ^e  same.  This 
fact,  by  proving  that  their  ara  several  varieties  of  caout« 
chouc,  not  perfectly  uniform  in  their  properties,  and  some 
ef  which  appear  to  approach  to  birdlime,  is  sufficieat* 
perhaps,  to  connect  it  with  the  species. 
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[IS  sabstance,  though  apparently  formed  by  the  Beet 
fis&s  «been  regarded  as  a  product  of  vegetation ;  It 'is  secret- 
ed b^  certain  vegetables,  forms  a  kind  of  varnish  on  their 
lea.^ves  or  stems,  or  is  mixed  with  their  juices.    Even  that 
"wHicli  is  applied  by  the  bee  to  the  formation  of  its  cell 
ha^s     l>een  supposed  to  be  collected  by  that  insect  from 
flo^^Krersi  and,  in  particular,  from  the  pollen,  or  fine  dust 
of  zhke  antherse,  which  undergoes  a  slight  elaboration  in 
the  IxHiy  of  the  animal,  so  as  to  acquire  that  tenacity  whigh 
fits  it:  for  the  use  to  which  it  is  applied.     This  opinion^ 
hoMr^f  cr,  as  to  the  origin  of  bees-wax,  has  been  rendered 
douhftful,  or  perhaps  has  been  disproved,  by  the  experi- 
"*<^^ts  of  Huber.    He  has  shown,  that  bees  form  wak 
^hon  they  are  denied  alj  supply  of  the  pollen  of  flowers, 
^nora  they  were  confined  to  the  hive,  and  supplied  only 
^*th    hon^y,  or  with  sugar  j  and  to  obviate  all  source  of 
««iacy,  the  comb  previously  formed  was  all  removed  from 
^^  Hive,  and  the  bees  wsre  confined  for  such  a  perigd,  as 
^°*^  no  quantity  of  pollen  which  they  could  have  been  sup- 
P^sed  to  have  collected  previous  to  their  confinement  could 
"^^^  furnished  the  wax  they  formed.    The  honey  or'the 
^^S^T*,  too,  always  disappeared  as  the  wax  was  formed;  and, 
^^  tVi«  other  hand,  bees  confined,  and  supplied  only  with 
*^^its  and  the  pollen  of  flowers,  formed  no  wax  whatever. 
Vn^se  facts  appear  to  prove,  that  the  pollen  of  plants  is 
i^ot  the  source  of  the  wax  which  bees  producci  but  that 
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uslo;:.  b  »  rlbe  isbicukce,  aacoffcg  to  FrocaK,  vUch 
forms  :Le  ux^^t^ASut  icwn  en  rse  soriice  cf  tbe 
floveriy  uu!  frclt  of  certzin  regctabLCS  »  sad  k  aisc 
as  be  zmncjit  in  the  fecoU  of  ceitsEin  fhnUp  as  ia  diac  of 
tbe  honfe  l^ek^  or  iLt  green  cabbie  f.  Azid  thope  aie 
rcgtt2iAe%  which  cr^n  ^ord  :c  in  large  qnantxcr  ia  acarij 
a  pure  tute«  Sacb  partxularl j  b  die  plant  nanaed  Mjrica 
ccrifera^  or  vai-tree,  a  naUTe  of  Louisiazia.  Tlie  seeds  of 
this  regetable  are  encrusted  widi  a  wbite  rongii  amyfac^ 
oos  like  sobstance^  which,  vben  mbbed  bilwem  tiie 
fingers,  feeb  nnctoous.  Wliea  tbej  are  boiled  in  water, 
it  il  mehed  off,  and  swims  on  the  Airface.  This  snbsuace 
has  been  examined  by  Dr  Bostock  %  and  Mr  Cadet  [,  and 
appear?,  irom  thtlr  ^rxperlments,  to  have  nearly  all  the 
properties  of  bees -wax.  It  i.  cciKrcte  ;  c;  rr.:vl*r^:e  hard- 
ness ;  has  in  part  t!.?  ter.aciry  ci"  becs-wii,  bu:  u-::hout 
its  unctuosity  1  i'^  '-i^'-  it  ji.f.-.r.mable  •,  and  oxLlbits  the 
same  general  rclatior:  to  chcr-rxdi  ;Lgen:$.  Some  cf  i:^ 
"  physical  properilr-i  ar?  a  hirle  dia^rrent,  as  its  colour  and 
smell  f  and  it  is  ra'h'.r  more  i'u:>:b!L',  dr.d  somewhat  mere 
lolublc  in  ether  :  but  these  arc  ilitTcroncos  not  essentia!, 
and  such  as  cannot  prevent  it  from  being  regarded  as  a 
variety  of  the  s>ame  :,ptcics.  Cadet  has  observed,  that  there 

•   Nicli(jlson*rt  Journal,  vol.  ix.  {-.  1^'J. 

'[   I!)ul.  vol.  V.  p.  'JG. 
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itlier  species  of  mynca  wliich  afibrd  a  similar  product; 
and  that  Other  plants,  as  the  Croton  sebifi^rum,  the  Toincx 
I       ubifera,  the  poplar,  the  alder,  and  the  pine,  yield  by  de- 
<      coction  a  concreu-  infiamtnablc  mitter,  rescmhling  wax- 
Tlie  substance  which  has  been  described  by  Dr  Pearson 
under  the  name  of  White  Lac,  from  India,  appear*  ex- 
tremely similar  to  this*.     A  wax  perfectly  resemtlin 
I      cbat  of  the  wax-tree  is  ilso  obtained  from  common  lac,  in  * 
I      which  it  exists  combined  with  resin,  colouring  matter,  and 
a  liirle  gluten  ;  and  is  cxtracieil  by  boiling  in  nitric  acid, 
'      which  dissolves  the  other  principles,  leaving  the  wax  un- 
{      dissolved.     And  although  this  is  an  animal  prodi^ction, 
bcmg  the  nidus  of  the  Coccus  oi  Chermes  lacca,  yet,  as 
■^■^riUatchet  jn  his  analysis  of  this  substance  remarks,  it 
^^^^■toses  few  of  the  chiiTactcrs  of  animal  substances  ;  and 
H^^Egreaier  part  of  its  properties,  as  well  as  of  its  com- 
ponent tngredieiits,  ure  such  as  more  immediately  apper- 
_      lain  to  vegetable  bodies -j-.     From  these  facts,  it  may  be 
^^^^fetinded,  that  wax  is  a  product  of  the  ve{;etablc  system  t 
^^^^Hbougli  also  formed  by  some  animals,  it  may,  on  lh« 
HHMMe*  be  classed  among  the  vegetable  principles.     In  its 
cbcnical  nature,  it  approaches  nearly  to  the  fixed  oils. 
Wax,  taking  the  variety  prepared  by  the  bee  as  liiat 
I      belt  luiown,  is  a  &oIid  substance,  brittle  at  a  low  tempera* 
I      tun,  but  acquiring  tenacity  when  slightly  heated,  so  that  ^ 
bo  moulded  Inio  any  shape.     It  is  tasteless,  and, 

nearly  inodorous,    lis  colour  Is  usually  yellow ;   , 
IS  appeus  to  arise  from  t)ie  presence  of  some  foreign 
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imtter,  as  it  can  be  deprived  of  it,  and  be  rendered  [ 
fccilj  while,  wilhoHt  any  change  iti  its  properties.  The 
bleaching  of  this  wai,  as  this  process  is  named,  is  perform- 
cd  by  melting  and  running  it  into  thin  plates,  which  ar« 
eiposed  to  >hc  air,  dew,  and  sun,  until  the  colour  ta  dis* 
charged.  The  wax  of  the  Myrica  cerifera,  which  hM  » 
grecilish  colour,  may  likcwiic  be  rendered  white  by  bleach- 
ing. 

Wax  mi-Us  at  a  temperature  of  142°  of  Fahrenlieit  '  ; 
and  ill  cooling,  pasics  through  an  intermediate  stale  of  soft' 
ncBs  to  perfect  tottdiiy  :  the  myrtle  wax  is  rather  more  fu- 
lible,  melting  at  109".  Like  the  fixed  oils,  it  is  incapable; 
of  being  volatilized  without  change.  It  ai^rda  an  ehstic 
fluid,  howerer,  when  heated  to  ignition,  consisting  of  its 
elemrnis  in  a  slUc  of  new  combination ;  and  this,  when 
ihe  air  is  admitted,  burnt  with  a  clear  and  white  Same. 
Hesce  the  u»e  to  which  wax  is  applied  in  aSbrdinfi  artifi' 
cial  light.  The  products  of  iu  combustion,  like  those  of 
oi),  are  wMcr  and  carbonic  acid.  From  the  <iuantities  of 
diese  produced  in  the  combuitkin  of  a  given  quantity  of 
wax,  LafoiiieT  inferred,  that  it  consisti  of  82.28  of  car- 
boa,  and  17.72  of  hydrogen,— an  inference  which  cannot 
be  regarded  aa  accurate.  When  decomposed  in  dose  ves- 
(*Ut  to  as  to  collect  the  products,  these  are  found  to  be  si  - 
thick  and  empyreuinatic  oil  in  targe  quantity,  a  portion  ^ 
water  teiuiUy  acid,  carburetted  hydrogen  gas  escaping, 
and  a  small  portion  of  charcoal  reaaaiiting.  From  this  •> 
nalyiii,  wax  mua  be  regarded  as  containii^  oxygen  as 
well  as  carbon  and  hydrogen  ui  its  composition. 


*  Nicliolton's  Journal,  Ho,  vol.  i.  p.  70.  &c.  8to,  vol.  xrt. 
p.  1U5. 
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Wax  is  insoioble  in  water,  9nd  equally  bo  in  alkohol,  at 
least  at  a  low  temperature. '  Dr  Pearson  found,  that  alko* 
hot  by  digestion  on  it|  at  a  temperature  of  HO^,  sensibly 
dissolved  it ;  and  Dr  Bostock  has  found)  that  when  it  is 
bmkd  on  wax,  it  dissoires  a  quantity,  amounting  to  about 
a  twentieth  of  its  weight,  the  greater  part  of  which  is  de- 
posited as  the  alkohol  cools.  A  small  portion  remains  dis- 
lolvedi  whidi  may  be  precipitated  by  water.    The  myrtle-* 
wax  is  xather  more  soluble  than  bees- wax.    Both  aredid- 
Sfrfred  by  boiling  ether,  but  the  myrtle-wax  in  larger  pro- 
pernon  than  the  other ;  and  th#  greater  part  dissoWed  by 
dus  i*iid  is  likewise  deposited  as  the  temperature  falls. 

The  action  of  the  alkalis  on  wax  is  somewhat  similar  to 
that  on  the  expressed  oils ;  tHe  combination  taking  place, 
kowerer,  more  slowly,  and  only  when  the  alkaline  solution 
IB  Ixuled  on  the  wax.  Dr  Bostock,  in  his  experiments  on 
the  wax  of  the  Myrica  cerifera,  found  that  a  Soap  is  thus 
formed,  which  is  sparingly  soluble  in  cold  water,  and 
therefore  separates  in  floccuii  as  the  liquid  cools :  In  this 
the  wax  has  lost  its  fusibility  and  inflammability,  and  the 
compound  is  decomposed  by  the  acids,  the  wax  re-appear^ 
ing  with  nearly  its  original  properties.  The  action  of  the 
slluli  on  bees-wax  is  nearly  the  same,  but  rather  less  com- 
plete. A  compound  of  this  kind  with  bees- wax  forms  the 
Punic  wax  of  the  ancients,  which  has  been  used  as  the 
hasis  of  colours,  and  in  encaustic  painting.  Ammonia 
^iled  on  wax  forms  with  it  a  white  saponaceous  com- 
pound, sblttble  in  warm,  but  very  sparingly  soluble  in  cold 
Water.  On  vegetable  wax>  its  action  is  more  energetic 
than  on  bees-wax. 
The  acids  act  on  wax  with  less  force  than  on  the  fixrd 
Vol.  IV,  N 


oils,  owing,  HO  doubt,  to  irs  siaic  of  colicsioii.  Sulphuric 
acid)  when  in  action  is  promoted  by  heat,  is  blackened  by 
it|  and  at  length  disitolvcs  it,  forming  .1  thick  dark-colouied 
mass.  According  to  the  experiments  of  Beckman,  when 
boiled  ti)  diluted  nitric  acii]>  it  is  whitened  and  hardened  ; 
and  oxymuriatic  acid  has  been  proposed  to  be  used  in 
bleaching  it.     Muriatic  acid  has  little  action  on  it. 

It  is  dissolved  very  readily  by  the  fixed  oils,  wtion  a  mo- 
deraie  heat  is  applied,  and  forms  a  compound  of  ;4n  initr- 
mediate  consistence,  tnorc  or  less  liim  therefore,  accuiJ* 
■ng  to  the  proportions.  8uch  compoMiiom  form  oiiiiinvnit 
and  centtcs  in  pharmacy.  Jt  is  dissolved  likewise  by  ihe 
Tolatile  oils,  with  the  assistance  of  heat. 

From  the  properties  now  enumerated  as  belotigitij;  tu 
wax,  it  is  evident  that  it  approaches  nearly  to  the  fixed 
oiU.  The  principal  difference  U  in  it&  firmer  conaiMence, 
and  in  its  relations  to  some  of  the  chemical  agents,  patii- 
cularly  to  the  alkalis.  It  has  been  generally  supposed  to 
difler  chemically  from  theoii  in  containing  a  larger  pro- 
portion of  oxygen ;  though  this  is  by  110  means  clearly 
established. 

The  principal  consumption  of  wax,  is  in  obtaining  from 
its  combustion  artificial  light.  A  candle  of  wax  is  supe- 
rior to  one  formed  of  any  other  unctuous  matter,  in  not 
requiritig  to  be  snuffed ;  the  wick  burning  down  equally 
with  the  body  of  the  candle,  and  hence  the  light  i&  always 
clearer  and  more  steady,  llie  reason  of  this  has*  been 
pointed  out  by  Mr  Nicholson.  In  a  candle,  the  wick  takes 
up  by  capillary  attraction,  the  matter  fused  by  the  heat  of 
the  Same :  but  as  tallow  is  very  fusible,  a  large  wick  ia  r«- 
quired,  else  a  (]uaiiciiy  of  the  melted  matter  would  run 


OF  MAX.  195 

down  the  surface  of  the  catidle  ^  and  this  brge  wick  occu- 
pyiag  the  centre  of  the  flaipe*  where  it  is  secluded  from 
the  air,  is  not  burnt  down,  but  gives  a  shadow  increasing 
as  it  lengthens.   In  a  Inrax  candle,  the  .wax  being  less  fusi- 
Ue*  a  slender  wick  is  sufficient  to  draw  up  by  capillary  at- 
traction, all  the  matter  that  is  melted ;  it  obscures  les^he 
iiluinioatioh,  and  when  it  lengthens  a  little,  being  so  slen- 
<ier  and  flexible  it  bends  ^to  one  side,  and  its  extremity 
coKx^es  to  be  without  the  fiame  ;  it  is  therefore  burnt  by 
tlie   current  of  air  applied  to  it  in  its  ignited  state.   Hence 
the   £^aie  is  always  clear,  and  the  shortening  of  the  wick 
is  pc^rformed  by  the  combustion  itself  *^.' 


SiXT.  IX. 

OF  FIX  ID  dfl.. 

i  HE  name  of  Oil  is  given  in  coitimon  to  two  Vegetable 

proKitnate  principles,  which  agfee  in  the  possession  of  \i 

nuttil>er  of  properties,  but  which  likewise  differ  so  far,  that 

they  must  be  regarded  as  essentially  distinct.  One  of  these. 

species  of  oil  is  vdatile  at  a  high  temperature ;  the  other 

cannot  be  volatilized  without  decomposition  ;  hence  they 

tmy  be  distinguished  by  the  epithets  Volatile  and  Fixed. 

Tbe  volatile  have  k!so  been  named  Essential  Oils, — the 

£red,  Expressed  Oils,  as  it  is  by  the  process  of  expression 

that  cbey  are  usually  obtained.     The  chemical  history  o^ 

expressed  oil  is  to  be  the  subject  of  tliis  section. 


•  Nicholson's  Journal,  ko,  vol.  i.  p.  7*^ 
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These  oils  ate  formed  abunttantly  in  (lie  virgeuhle  i^"" 
tem :  they  are  contained  generally  in  the  seeds  and  fr*"' 
and  are  found  in  largest  quantity  at  or  near  to  the  peril?" 
of  maturity.     They.arc  extracted,  in  general,  by  Mpir^' 
■ion;  the  fruit,  or  the  seeds  bruised,  being  subjected  f 
pngBure  in  a  hempen  bag  inclosed  in  a  pressi  and  any  (^^ 
reign  matter  forced  out  with  the  oil  being  allowed  (o  sul^ 
side.     In  this  way  are  prepare^  the  oils  from  the  frail  O' 
the  olive,  and  the  seeds  of  the  almond.     The  ptocem  i^ 
facilitated  by  the  applic.ition  of  heat,  or  by  eyen  preyioU*' 
ly  roasting  the  seeds  gently,  especially  with  regard  to  tho*^' 
seeds  which  contain  much  mucilage:  but  from  this  ih»^ 
oil  generally  acquires  some  acrimony  and  empyrcuma ;    *'^  < 
is  even  so  far  changed  in  its  qualities,  as  to  be  less  &abl^  t 
10  congeal,  and  more  disposed  to  become  dry  or  ttH^^  * 
when  exposed  to  the  air.     Oils  prepared  in  this  aana^^  ■ 
ate  hence  named  Drying  Oii,-.  ;  and  from  these  change  ^" 
the  process  is  applied  only  to  the  cstraciion  of  ihe  coarf^**" 
oils,  as  those  of  linseed  or  r;»pesecd,  or  to  oils  requiTff^ 
for  particular  purpose'!.     Sometimes,  too,  oil  is  exitacie-* 
by  decoction,  the  tceds  being  bruised,  and  boiled  ia  w^  " 
ler,  the  oil  separating,  ami  swimming  on  the  sarface.     E- -^^ 
this  way  is  prepared  what  is  named  Castor  Oil,  from  ih  "^ 
seeds  of  the  Ricinus  communts. 

The  oil  which  is  extracted  by  either  proccw  ha«  efu^^ 
ao  impregnation  of  foreign  matter,  whence  it  derivck  taMCi 
Savour,  and,  in  some  oases,  more  active  qualities.  Tbt 
oils  of  olives  and  of  almondi  are  the  purest  met  with  is 
commerce,  and  appear,  indeed,  to  be  perfectly  ftee  fnn 
'  any  foreign  impregnation.  Oils  less  pure,  but  in  larger  • 
quantity,  are  procured  for  the  purposes  to  which  they  are    , 
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in  the  irts,  from  linseed,  bcmpsecd,  rapueed, 
trocn  the  nun.  of  the  beech  mastt  and  from  ihc  leeds  o/  a 
icnher  of  other  pluits. 

Piled  oil  is  fluid  at  moderate  natural  temperatures  :  by 
I  great  reduction  of  temperature,  however,  the  different 
iinds  are  congealed,  some  of  tijem  even  at  a  temperature 
Bt  to  low  as  the  freezing  point  of  water  ;  and  there  are 
itH^rrs.  as  the  oil  of  the  cocon  nut,  of  ilic  hurel  berry,  or 
i  t:'he  nutmeg,  which  are  alvays  concrete,  vhence  they 
lavc  obtained  th«  name  of  Vrgct jble  Butters. 

I^ixed  oiU,  when  liquid,  are  always  somewhat  thicic  and 
™ci«t  J  when  pure,  they  are  perfectly  transparent :  they  are 
i^otourle*!,  or  of  a  yelhw  or  greenish  tinge  :  they  are  in- 
up*d,  ot  luve  a  very  mild  taste.  They  are  lighter  than 
vicCT,  anil  hence  awim  on  its  surface.  They  are  alto- 
g*'her  incapable  of  combining  with  water,  as,  even  when 
iiron^y  agitated  with  it,  the  globules  of  oil,  when  the  a- 
sic^cion  ceasca,  soon  separate,  and  collect  at  the  surfaces 
'^^7  have  been  £atd  to  be  insoluble  in  alkohoi,  but  it  has 
t>**n  observed,  both  by  Boitoclc  and  Fremy,  that  theyats 
<i-iao|*cd  in  email  quantity  by  that  fluid  *. 

Though  the  fusibility  of  these  oils  is  such,  that  they  are 
iitu;:kMy  fioJd  at  natural  tempeniiures,  yet  they  cannot  bo 
tciaiilized  without  decomposition ;  and  even  this  rcqotrcs- 
abigh  tefflperatore.  In  general,  they  do  not  boil  at  a  heat 
teM  dun  about  600°  of  Fahrenheit ;  and  when  the  opcr- 
atioa  ia  conducted  in  dote  retsrls,  sa  as  to  cnjidensc  ihh 
rJpnir,  the  tjujlities  of  [he  oil  are  found  to  be  changed  ; 
it  hai  lost  its  insipidity,  }\is  become  more  acrid,  and,  by 
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ri.'peated  di&tilUtions,  u  becomcu  more  tight,  limpid,  ami 
vobtile,  acquiring  also  an  cmpTreumatic  odour,  and  be- 
coming iolubk-  in  alkohol.  When  this  diilUbiion  w  car- 
ried  on  with  a  strong  heat,  carburetted  hydrogen,  carboilc 
acid,  and  aii  acid  liquor,  are  produced  along  with  the  em- 
pyrcumatii:  oil ;  ami  there  is  a  residuum  of  charcoal. 

Expressed  oilt  arc  Jtered  by  exposure  to  the  atmosphere, 
especially  ^l  a  high  n^ilural  temperature  :  they  acquiie  a 
sharp  tasie,  and  a  disagreeable  smell,  and  become  thick. 
This  change  is  named  Rancidity  :  it  is  owing  to  the  ah- 
bUTption  of  oxygen  which  always  accompanies  it,  as  Bcr- 
thoUet  had  long  :igo  dcaionstraied  •.  The  oiygcn  appears 
sometimes  to  combine  with  |he  eniirc  oil  ( in  other  cases, 
it  is  said  to  unite  with  part  of  its  principloii,  and  form  aii 
acid,  the  Sebaclc,  which  is  difTused  through  (he  rest  of  the 
.<»!,  and  is  the  cause  of  the  change  in  its  properties ;  there 
is  also  a  portion  of  water  slowly  formed.  When  the  oil 
Is  exposed  (o  pure  oxygen  gas,  the  same  change  takes 
place  more  speedily  -,  and  some  absdrb  a  large  quantity. 
Linseed  oil,  it  is  stated  by  Saussuro,  absorbed,  in  his  ex- 
periments,  more  than  twclvo  times  its  volume  of  oxygen 
gas  in  the  space  of  four  months  f,  and  this  without  form- 
ing any  carbonic  acid.  Drying  oils,  or  those  extracted  by 
expression  wid>  the  assistance  of  heat,  it  has  already  been 
remarked,  do  not  become  rancid  from  exposure  to  the  air, 
but,  by  the  absorption  of  its  oxygen,  are  rather  convened 
into  a  resinous  matter,  especially  when  exposed  under  a 
thin  and  extensive  surface. 


•  M-'moire«  de  I'Acad.  dii  Seioncei,  1785,  p.  a'^9. 
t  Recberchn  lor  la  Vegetation,  p.  1^1. 
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It  appears^  from  well-esublished  facts,  that  tKb  absorp- 
tion of  oxygen  by  fixed  oils  may,  under  certain  ctrtum* 
ttances,  be  so  rapidf  as  to  produce  a  temperature  sufficient 
to  cause  them  to  bum.    Many  instances  of  spontaneous, 
combustion  had  from  time  to  time  occurred  from  this 
cause,  and,  in  particular,  had  l>een  so  frequent  in  the  Rua- 
rian  nary  and  arsenals,  that  at  length  a  series  of  experi- 
ments on  the  subject  was  ordered  to  be  instituted  i  and 
from  diese»  the  circumstances  connected  with  the  fact  have 
been  fully  ascertained.    It  appears,  that  if  hemp,  flax,,  or. 
Imen  doth,  be  steeped  in  linseed  oil,  if  it  lie  iii  a  heap*  and 
be  somewhat  pressed^  together  and  confined.  Its  tf  mpera- 
tare  riies,  a  smoke  issues  from  it,  and  at  length  it  hdces 
fire*    The  same  thing  happens,  wiUi  mixtures  of  oil  with 
fine  charcoal,  as  lamp-black,  wrapt  up  in  linen.  In  one  ex* 
periment,  a  mixture  of  this  kind  became  warm  in  about 
sixteen  hours,  and  emitted  steam  ;  in  two  hours  nikpre,  it 
emitted  smoke,  and  immediately  afterwards  took  fire.    In 
another,  the  combustion  happened  in  nine  hours.   The  ex* 
perimenf s  succeeded  only  when  drying  oils  were  used  *• 

■  At  the  same  temperature  nearly  at  which  oil  is  Tolatil* 
ized|  it  combines  with  oxygen  with  rapidity,  and  gives  out 
a  brge  quantity  of  light  and  beat.  For  this  purpose,  the 
oil  must  be  converted  into  vapour,  and  i^s  temperature  rair  . 
^  even  to  ignition.  Hence  is  derived  tlie,  utility  of  a 
vick  in  supporting  its  combustion.  The  wick,  made  of 
cotton  or  any  other  material  consisting  of  slender  threads, 
^raws  up  a  portion  of  the  oil  by  capillary  attraction.     By 


•  Journal  de  Phy«quc,  torn.  xx.  p.  1.  11.  or  Repertory  of 
Arts,  vol.  iii.  p.  95. 
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kindling  tho  vick,  the  poriion  of  oil  it  conuiutno 
cd  into  >3|u)iir,  and  perbapa  is  even  decocnpoKii  ot  mol- 
vei  at  least  in  part,  isto  a  vJtiety  of  olcfiaiit  gas.  Being 
■  .jguited  It  the  lame  lime,  it  burns ;  and  a«fait  m  iti&CQo- 
f '  sutnod,  a  new  supply  is  afforded  by  the  same  cipUbry  ai- 
iractittn.  The  oil  consUis  principally  of  carbon  and  Iiy- 
drogvn  :  the  hj-drogen  reciuiret  rather  a  lower  lempeta- 
lure  for  JU  combuition  than  the  carbon  doesi  tence  xhe 
combustion  of  oil  in  atmospheric  air  is  atiendtd  with  a 
black  smote,  which  consists  of  iht  light  carbonaceous  nat- 
ter suspended  in  the  current  of  hot  air.  Where  the  ait 
has  nM  sufficient  access  to  the  wick,  this  smoke  i*  very  a* 
bundant ;  and  it  may,  on  the  contrary,  be  euiirely  remo- 
ved, by  increasing  the  current  of  air,  so  as  to  reiidtr  the 
combusfioii  more  rapid.  This  is  done  in  Argand's  iampt 
which  consitiE  of  a  hollow  wick,  through  the  internal  pan 
of  vrbiich  a  free  circulation  of  air  is  eGtablishod.  Wbetr 
tho  wiok  it  kindled,  the  air  within  it  is  immodiately  mi> 
fted ;  a  strong  ascending  current  it  thus  formed ;  ftmhxt* 
mospberic  ai*  it  rapidly  brought  into  contact  witk  ibe 
burning  oil  {  the  combustion  is  rendered  more  rapid,  and 
thut  to  much  UcM  is  extricated,  and  the  air  is  so  frc^ 
supplied,  th«t  all  ihe  carbon  of  th«  oil  is  consumed.  Hsace 
the  combustion  in  thfite  lamps  is  attended  with  no  smoke  i 
and  from  a  given  quantity  of  oil,  more  light  and  calsiic  - 
are  extricated,  as  the  whale  of  that  oil  is  consumed.  Tlu* 
conclusion  appears  not  only  to  follow  from  thf  nature  of 
the  circumstances  under  \yhich  the  combustion  takes  plxc, 
but  it  was  also  cstabhsbed  by  direct  experiment  by  Rom- 
ford. Hassenfratz,  however,  in  a  scries  of  eipetimcnis, 
apparently  performed  with  much  care,   and  presenting 
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important  results,  on  the  light  affbided  by  different 

combustiUet*.,  .found  reason  to  (jbnbtof  .this  suporioricy 

of  the  bmp  with  an  intemalf  current  of  air,  in  the  quan- 

rity  of  light  affbriled  from  the  combustioa  of  a  given  ^uan- 

uty  of  combustiUe  matter,  and  even  to  conclude,  that  it  is 

inferior  in  this  respect  (though  superior  in  producing  no 

"^moke^  and  less  smeil)  to  a  well-constructed  lamp  without 

this  arrangement.  The  loss  of  light  in  the  Argand*s  lamp 

giving  rise  to  this  unexpected  difierence,  he  aiknribes  to 

two  causes :  to  part  bepig  absorbed  by  the  glass  thivuiey» 

3Rkd  to  the  loss  in  the  iotemal  part  of  the  hollow  wick. 

The  fig^i  which  escapes  from  vapour  in  combustion,  e» 

^^p»s  from  the  external  surface  without  interruptioB,bttt 

^hat  from  the  internal  surface  is  diminished-  considerably 

^y  passing  through  the  flame.  This  Hassenfratz  establish- 

^»  by  causing  die  -light  from  one  burning  body  to  pass 

^bfough  the  flame  of  another  \  and  it  is  evident,  that  from 

this. cause  part  of  the  light  from  the  combustion  of  oil  in 

^  lamp  with  a  hoi  tow  wick  and  internal  current  of  air  must 

■^  lo« }  and  this  loss  must  become  greater  from  the  xa|Md 

^^'^^umption  of  oil  in  the  internal  part  of  the  flame.  I  have 

observed,  what  is  agreeable  to  this  view,  that  in  a  lamp 

^"^  a  double  circular  wick,  the  one  within  the  other,  the 

ilVomination  b  not  to  vivid  as.might  be  expected  from  the 

nHKh  greater  consumption  of  oil.     It  follows  from  this, 

dut  there  will  be  the  least  loss  of  light  in  an  Argand*s 

lamp,  when  the  diameter  of  the  circular  wick  is  made- 

50M)1. 

The  products  of  the  combustion  of  oil  are  water  and 


*  Aooales  dc  Chimi^f  torn.  xxi?.  p.  78. 
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carbonic  acid.  LavoUier  found,  that  100  pnns  of  olirt 
oil,  during  thm  conibiutian,  combine  with  321  parti 
of  oxygi'n,  atid  prorigcc  140  jwns  of  water,  and  281  of 
t,<irbonic  acid.  Hence  he  inferred,  that  oil  consists  of  7ft 
jt»ns  of  carbon,  united  with  2 1  of  hydrogen.  These  must 
he  regarded  however  as  approximations-,  and  oxygen  is 
^bably  i]io  only  a  constituent  principle  of  oil.  That  it 
i»  so,  appears  to  be  established  by  (he  decomposition  of 
oil  in  cloKc  vessels  *,  wlien  transmitted  through  an  ignited 
tube,  carbonic  acid  ard  water  are  part  of  the  products. 

The  expreS8<?d  oils  suHer  decomposition  from  thcactiun 
of  the  greaccr  number  of  the  acids ;  with  phenomena,  how 
t^ver,  BOmcwhiit  different  according  to  the  nature  and  con- 
cent rat  ton  of  the  acid. 

.Sulphuric  acid  almost  immediately  renders  oil  brown» 
and  at  length  black,  by  arolnng  part  of  itscaibbn  in  the 
Unte  of  charcoal  :  a  portion  of  water  is  also  said  to  be 
formed  t  md  the  fovmation  of  sulphurous  acid  is  discorer- 
ed  by  its  pungent  smell.  If  heat  be  applied,  the  action 
betiomM  more  raptd*  and  the  mutual  decompoution*  more 
complete :  and  with  certain  propordons,  the  whole  of  ihf 
«xygen  of  the  ucid  is  aburacted,  and  sulf^or-obuined. 

The  action  of  nitiic  acid  on  oil,  is  less  violent :  the  oil 
is  mctely  tbiclceiied  iuid  rendered  white :  when  heat  ii  ap> 
plied,  or  when  the  ml  is  heated  previous  to  the  addition  of 
the  acid,  the  action  is  more  rapid,  and  nitrous  acid  vapour 
is  diaengaged.  The  action  is  more  rapid  on  the  drying 
oils,  a  resinoas-libe  matter  being  formed  :  and  if  heat  be 
applied,  there  is  a  violent  eflervescence,  and  the  oil  may 
even  be  inflamed,  by  the  acid. 

Muriatic  acid  has  vt-rv  lirtlc  efFict,  when  mi:i;ed  with 
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die  oil  in  the  cold:  but  accordiDg  to Cornette»  if  the  mix- 
tare  is  kept  a  long  time  in  digestion  in  a  sand  heat»  the 
coi«)ur  of  tlie  oil  darkens,  and  it  becomes  at  length  black  *• 
B  jr  distillatioh  the  acid  passes  over  with  little  change.  The 
OK  3r  muriatic  acid  caiises  nearly  the  same  changes  in  the  ex- 
pn^Bsed  oils,  as  the  nitric ;  thickening  them  and  rendering 
then  white.  The  other  acids  exert  very  little  actim  up* 
on    expressed  oil. 

^VTidi  the  alkalis>  expressed  oils  form  a  chemical  combi- 
nation  X  the  product  is  the  well-known  substance  Soap,  in 
wl&ich  the  properties  both  of  the  oil  and  alkali  are  oonsi- 

I 

des-aUy  modified.  .'  I 

I£  one  part  of  a  pure  expressed  oil,  as-  that  of  olives,  be 
uiccd  with. half  its  weight  of  the  common  potash  ley, 
2  cuombination  is  effected :  the  oil  becomes  much  jfnorc 
thiok  and  white,  and  the  acrimony  or  causticity  of  the 
^^li  is  lessened.  The  compound,  too,  is  to  a  certain  ex- 
texm^  capable  of  combining  with  vrater  :  a  perfect  solution 
indeed  does  not  take  place,  but  an  opaque  milky  mixture 
b  Formed,  from  which  the  oil  does  not  separate  for  a  con- 
fiderable  time. 

1q  this  mixture,  however,  the  combination  of  the  oil 

W^^  the  alkali  is  imperfect.    It  is  rendered  more  complete 

bf  the  assistance  of  heat,  or  by  boiling  them  together. 

Otic  part  of  carbonate  of  soda  is  dissolved  in  8  or  10  p«rts 

of  ynttTf  and  quicklime  is  added  to  abstract  the  carbonic 

^cid :  the  liquor  is  filtered,  and  evaporated  so  far  that  its 

specific  gravity  shall  be  to  that  of  water  as  1 1  to  8.     One 

part  of  this  ley  is  mixed  with  two  of  an  expressed  oil,  of 


♦  Mi  moires  de  I' Acad,  des  Sciences,  1780)  p.  563. 
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thai  of  oKves  fur  examplf ,  and  rlie  mixfure  !s  ei;po£<(l  to 
ji  nndcniL-  liral,  sutlicicnt  only  to  mike  the  liquor  umcner. 
It  i*  agiiatcH  comisnTly.  An  iniiniMe  combination  of  the 
oil  and  alkali  t.ikea  phtic  :  the  httt  \t  cominuud  itU  on  al- 
lowing a  few  drops  of  the  tiquor  to  fall  on  a  ttaoe,  it  con  - 
^flis,  .inii  the  water  spparatet  from  it.  It  is  then  rcmov- 
{■d  and  cast  in-  moulds. 

This  is  the  process  for  preparing  the  finer  kind  of  soap. 
The  co»nn  soaps,  which  arv  in  coramon  use,  and  are 
nmnufactuTed  on  a  large  Mrale,  arc  prepared  from  lir^s  pure 
matcridil  and  the  proceaa  which iaf<dioved,  iiumrwhat 
different  from  that  above  described.  An  I'laboratr  report 
was  presented  on  this  subject,  by  Peljetier,  Darcet,  %iid 
l^licvre  *  ;  and  iht;  account  of  the  manufacture  of  «aap 
which  foUowji  if  principally  taken  from  their  memoir. 

1'Im!  oily  matter  wliich  \»  employed  in  the  fabiicaiion  of 
common  soap,  is  different  in  different  counirli-s.  In 
Fraticci  the  coarser  kind  of  olive  oil  is  used  ;  and,  accord* 
ing  to  the  report  of  (he  French  chemtstt,  it  forms  the  best 
soap.  In  this  cmBntry,  animal  fat  ii  geocially  employed  \ 
andj  according  to  the  same  authority,  it  is  next  to  olive  oil 
that  which  give*  the  best  hard  soap. 

The  alkali  which  answers  best,  is  soda :  it  forms  a  soap 
which  easily  become*  concvete,  while  fwCassa  forms  one 
tbftt  always  remains  soft.  In  countries,  therefore,  where 
barilla  can  be  obtained  at  a  low  price,  it  is  used  in  the  pre- 
ptration  of  soap.  In  this  country  it  would  be  too  expen- 
tire :  the  potash  of  commeroe  is  therefore  used :  and  iu 


\  Monioires  de  Chiinis  de  Ptflletier,  t.  ii.  p.  219^ 
(  .\analei  dc  Ctiim^i  torn.  six.  p.  2j3. 
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9»  to  render  the  !ioap  sufficiently  disposed  to  congeal 
and  become  hard)  there  is  added  towards  ihe  end  of  the 
boUiiig  of  the  alkaline  hj  with  the  unctuous  ni^itier,  & 
qoantity  of  sea  salt;  the  soda  of  whii:h  being  in  pan  e- 
volved  by  the  potassn,  produces  this  elTect. 

The  alkali  must  of  course  be  in  its  pure,  or  what  li, 
named  iib  caustic  state;  whether  bMrill.i  uc  potash,  ibercforei 
be  employed,  the  carbonic  acid  combined  with  the  alkali 
in  «itheT  of  them,  is  abstracted  by  lime,  and  the  solutioa 
th.tu  obuinH  forms  the  soapmakers'  ley.  When  barilla 
»  employed,  after  being  reduced  to  coarse  powder,  it  is 
mixed  with  the  lime :  the  proporiioos  used  boing  5  lbs.  of 
i*ftr^  vilh  1  of  lime.  The  mixture  is  put  into  a  large 
WOodcD  trough,  with  such  a  quantity  of  water  as  will  cover 
t  *«vcnl  laches :  it  is  stirred  ;  and  after  il  has  stood  some 
l^nin,  the  ley  is  withdrawn,  and  is  named  the  First  ley :  it 
n  of  iDch  a  specific  gravity,  that  a  fresh  egg  does  not  sink 
"»  it.  A  new  quantity  of  water  is  poured  on  the  materials, 
*o«i  after  some  hours  it  drawn  off,  affording  a  weaker  ley. 
*hiu  is  repeated  once  more,  forming  a  third  tey*.  and 
'»tty,  tihe  residuum  is  washed  with  water,  which  now  re- 
^(▼et  w  slight  an  impregnation,  that  it  is  reserred  only  for 
adding  to  a  fresh  quantity  of  the  materials. 

'die  proportion  of  oil  that  is  requisite,  is  6  parts,  when 
"^  of  baniia  and  1  of  time  have  been  used.  "To  combine 
***««»,  lh«7  ate  to  be  bailed  together ;  the  boiler  ii  a  large 
'***n  pot  filed  in  a  brick  furnace,  there  being  adapted  to  it 
*  Crib  of  wood :  itie  oJ  is  put  into  this  boiler,  with  a  por- 
'tOn  of  the  weakest  or  third  ley.  and  heat  applied,  so  as  to 
*^*«»»e  the  mixture  to  boil :  fresh  portions  of  the  K-y  are  add- 
^^  from  time  to  time,  until  the  whole  is  consumed  :  the 


J 
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Hccond  or  stronger  ley  is  aifded  in  die  same' manacrt  : 
inixtute  being  well  stined ;    ihe  oil  now  bi^comcs  of  > 
milky  appearance,  it  unites  perfectly  wtih  ihe  ley,  and  af- 
ter some  hours  of  boiling,  the  mixture  becomes  mon;  uni' 
form,  and  acquires  a  thicker  consistence.    A  small  portion 
df  the  first  ley  is  then  added,  and  it  i»  still  carefully  tlirTe<l> 
and  kept  boiling.       The  successive  addition  of  small  por^ 
tions  of  the  first  ley,  tliickens  the  mixture  :  the  heat  is  con- 
tinued for  some  rime,  until  it  become  more  and  more  ihicfe* 
and  the  soap  now  formed  begins  10  separate  from  the  wa- 
tery liquor;   a  small  quantity  of  sea  salt  is  then  adJed* 
which  renders  the  separation  more  compli'te,  by  attrjelir»g 
the  water :  the  boiling  is  continued  for  two  hourx  longed  I 
the  fire  is  then  wiihdiawn,  and  the  whole  allowed  to  V- 
main  at  rest.  In  a  few  hoursthe  so.ipy  matter  colleaito-    . 
wards  the  surface,  and  the  watery  pari  subsides:  this  btst    I 
is  dr.iwn  off  by  a  tube  ai  the  buttcm  of  the  boiW :  the  S*"'     ' 
is  then  again  applied,  a  small  quantiiy  of  water  orof  wei*"' 
ley  being  added,  to  facilitate  the  liquefaction  of  the  soif  -     ' 
The  mitcure  being  perfectly  liquefied,  and  being  broogt^ 
CO  rtuJIifion,  the  remaining  part  ot  the  istrong  ley  is  addi^?-^ 
in  small  qiuniiiies.  The  congelation  of  the  soap  can  no^" 
be  discovered  :  this  is  judged  of,  by  withdrawing  a  imtn  ^^ 
portion,  which  is  allowed  to  cool  on  a  plate  of  glass;  ai^^  ** 
bj  t^  degree  of  consistence  which  is  acquired,  it  it  d< 
mined  if  the  preparation  be  complete.   If  it  be  iO,  tbefi* 
is  withdrawn ;  the  soap  is  left  at  rest  for  sotne  hours ;  tl> 
iiqitid  bensath  is  whhdrawn  by  the  stop-cocl: :   the  fire 
ag^in  applied,  a  small  quantity  uf  water  being  added  '^ 
promote  the  liquefaction ;  and  when  the  whole  has  cool^ 
a  little,  it  it  run  into  the  vessels  in  which  it  it  to  con^^ 
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in  the  bouom  of  which  a  little  lime  in  powder  is  equally 
strewed.  After  some  day^,  the  soap  has  become  sufficient- 
\j  firm  to  be  cut  into  the  form  under  which  it  is  sold. 

Though  such  be  the  general  outline,,  it  is  no  doubt  ra- 
ried  by  difierent  manufacturers,  and  in  different  countries; 
bttf  by  ibUowtng  this  process,  a  soap  of  excellent  quality 
may  be  formed.  In  this  country,  as  has  been  already  ob- 
ler? ed,  the  principal  difference  is  in  using  animal  fat,  to 
vhich,  in  forming  yellow  soap,  a  portion  of  resin  is  added ; 
and  in  using  potash  instead  of  soda.  From  the  latter  va- 
riadon,  it  is  necessary  to  use  muriate  of  »oda  in  larger 
quantity  than  when  barilla  is  employed,  in  order  to  afford 
a  poruon  of  soda,  to  render  the  soap  concrete.  The  French 
deiiiists»  in  their  experiments  on  soap,  found,  that  when 
they  substituted  a  ley  from  potash  for  that  from'  barilla, 
Qsiag  the  same  oily  matter,  and  observing  the  same  pro- 
cess in  every  other  respect,  they  obtained  only  a  soft  soap. 
But  if  they  added,  in  the  course  of  the  boiling,  a  solution 
tf  muriate  of  soda,  they  obtained  a  soap  perfectly  firm :  or 
if  they  began  the  process  with'  a  ley  of  potash,  and  finish- 
ed it  with  a  ky  of  soda,  they  had  the  same  result.    The 

-  pvocess,  as  it  is  conducted  in  this  country,  is  described  in 
Aikin's  Chemical  Dictionary,  under  the  article  Soap.  The 
following  are  given  as  the  materials  and  the  proportions 
^  them,  from  which  a  good  yelloifr  soap  is  prepared : 
^6  cwt.  of  tallow,  4^  of  oil,  7  of  rosin,  18  of  barilla,  and 
10  of  what  are  named  black  ashes,  being  the  saline  resi- 
duum of  the  waste  ley  recovered  by  evaporation,  and  cal- 
cined.    Thejpe  is  sometimes  added  to  the  whole  a  little 

palm  oil.     The  produce  is  about  64  cwt.  of  soap. 
The  veined  or  marbled  soap,  as  it  is  pamed,  differs  from 


dw  other  nwrely  in  its  strealiB  of  colour,  and  tn  bflllf  pl^ 
pared  from  the  purest  matemis,  as  it  is  used  for  meiliciinl 
purposes.  The  variegated  colour  is  given  to  it,  hjr  iiWin^ 
to  th«  SD3J1,  when  nearly  fully  bailed,  a  small  (]iijnl<t|r  of 
freah  all»Une  ley,  and  soon  nfter  a  (iihirio'i  of  sutph^imf 
irun ;  biack  oxide  of  iron  is  thus  precipil.iied,  which,  from 
(lie  action  of  iSk-  so.ip,  ar^sunies  3  blue  tinge.  Brown  m 
red  oxid«  of  iron  is  then  dili'used  in  water,  and  «tirrnl 
through  the  soap,  so  as  to  be  mixed  vith  it.  in  streab- 
Thi»  soap  is  also  more  solid  than  th«  other,  as  in  the  eft- 
ration  the  wileT  is  more  eSectunUy  dissipated. 

The  soh  soap  of  commerce  is  prepared  from  the  cent' 
non  potash,  rendered  caustic  by  lime,  and  boiled  with 
some  of  the  coarser  oils,  as  of  rapcsced,  hcinpseed,  « 
liDfecd,  or  evea  with  (ish  oil. 

Some  obierraiions  have  been  added  by  Pt-llctier,  Dif- 
cet,  ,ind  Leiievrc,  on  ihe  adulteration  of  soap  ftequeot'f 
practised.  The  most  common  method  is  to  caui*  it  f 
imbibe  a  large  quantiiy  of  water ;  and  to  preTeni  the  ifl^ 
•ipatiun  of  this  from  exposure,  those  who  practise  il  £«B 
the  soap  in  a  saiuraled  solution  of  muriate  of  soda.  Tbii 
is  detected  by  tJie  great  loss  of  weight  which  such  twp 
sustains  from  exposure  to  the  air.  Other  modee  arc  »lM 
said  tobepractised,  ashy  the  adtlition  of  chalk,  day,  iliBi) 
sea  s-dl,  and  oilier  substances. 

These  chetnisie  executed  tiie  analyiis  of  s(»p.'  Whffl 
properW  prrparcd,  3  lbs.  of  oil  ought  to  fumiah  3  lbs.  w 
sO-p  :  but  tfom  this  it  is  not  easy  to  d-sccrer,  at  lea:  with 
perlrct  accur*i:v,  what  proportton  t>i  aliijii  aoti  wku  ^o^n- 
tity  of  water  it  coniaim.  The  proponions  ihey  atsign  are, 
in  ]  lb.  of  soap,  9  ounces  6  drachms  of  tnl,  i  oniMe  3 
drachms  of  pute  alkali^  and  4  ounces  7  drachms  of  water. 
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Tke  cleMiing  ptoperty  of  soap  d^peacb  on  the  alkaK  it 
Gootains :  the  alkaline  power  is  no  doubt  partly  impaired 
hf  the  cossbinacioa }  and  it  might  be  supposed  more  eco- 
aonkali  to  use  the  alkaline  solution.  In  some  cases  it  is 
a^  as  in  some  of  the  steps  of  the  process  of  bleaching  i 
Wt  fof  commoQ  use,  sosqp  has  some  advantages )  as  it  acts 
kii  on  the  fflMre  of  die  cloth^  and  gives  to  it  a  softness  and 
naetluiesey  which  the  alkali  alone  would  not  do. 

Soap  is  soluble  in  water ;  but  the  solulion  is  always  in 
leeitain  degree  opaque,  owing  perhaps  t6  partieles  of  un- 
esmbiiisd  oil  being  present.  It  is  likewise  soluble  in  al- 
lukol(  and  if  the  purest  soap  has  been  employed,  this  so^ 
Mod  is  yearly  transparent ;  if  strong,  it  b  of  a  gelatinous 
csBoslettce.   . 

Soap  is  decomposed  by  all  the  acids,  which  attract  its 
aAaH,  and  separate  its  oil.  The  greater  number  of  the 
Biitral  salts,  either  earthy  or  metallic,  likeinse  effect  in  it 
tke  saane  decompo»tion.  This  is  the  reason  that,  with 
what  are  termed  Hard  waters,  a  proper  solution  of  soap 
oaoaot  be  formed,— the  sulphate  of  lime  contained  in  the 
water  decomposing  the  soap.  The  solution  of  soap,  there- 
five,  b  idkohol,  is  a  very  convenient  test  for  discovering 
Aeie  salts  in  water.  In  these  cases  of  decomposition  by 
the  earthy  and  metallic  salts,  the  oil  which  is  separated 
combines  with  the  earth  or  metallic  oxide.  When  this 
oil,  however,  is  separated  by  an  acid  from  the  soap,  it^ 
pioperties  are  altered  ;  and,  in  particular,  it  is  soluble  in 
slkohol.  During  its  conversion  into  soap,  therefore,  it 
must  not  merely  have  combined  with  die  alkali,  but  have 
furdier  undergone  some  chemical  change.  It  has  been 
supposed  to  receive  oxygen  from  th&  air,  and  this  as  well 

Vol.  IV.  O 


OF  nXED  OIL. 

M  th^  change  in  its  qualities,  has  been  confirmed  by  die^ 
experiments  of  Fremy  •. 

When  soap  is  exposed  to  heat  in  close  vessels,  it  afl^ords 
oil,  water,  and  a  portion  of  ammonia.  The  origin  of  the 
kst  product  is  not  very  evident,  since  oil  is  supposed  to 
consist  only  of  carbon,  hydrogen,  and  oxygen  -,  but  per- 
haps it  may  be  obtained  only  from  soaps  ihat  have  been 
formed  in  whole  or  in  part  from  animal  fals,  in  which  a 
portion  of  nitrogen  may  exist. 

Ammonia  acts  upon  the  expressed  oils  in  a  manner  dU 
milar  to  the  fixed  alkalis,  forming  with  them  a  saponace- 
ous compound,  which  is  thick  and  wliite,  and  which  13  also 
diffusible  in  water ;  hence  it  is  used  in  pharmacy,  to  ren- 
der oils  miscible  with  water.  The  combinaiian)  however^ 
is  much  less  intimate  than  that  with  the  other  alkalis,  as 
heat  cannot  well  be  applied  to  render  it  perfect.  Berthid- 
let  discovered  an  indirect  process  by  which  a  proper  ats- 
moniacal  soap  may  be  formed.  It  consists  in  mixing  a 
solution  of  common  soap  with  a  solution  of  muriate  o( 
ammonia :  the  muriatic  acid  is  attracted  by  the  alluli  of 
the  soap,  and  the  oil  combines  with  the  ammonia,  forming 
a  kind  of  eoagulum.  This  soap  is  much  less  soluble  in 
water  than  common  soap,  has  a  more  pungent  taste,  is  lest- 
consisteat,  and  is  decomposed  by  long  exposure  to  the  air. 
It  is  soluble  in  alkohol, 

Berthollet,  in  a  memoir  on  the  combinatitms  of  oils  witb 
earths  and  metallic  oxides  f,  has  described  the  properties 


*  Nichotion't  Jounal,  vol.  XTiii.  p.  231. 
■u    i  Memoirei  de  I' Acad,  des  Scicocei,  17S0,  p.L. 
1  Nicholson's  Journal,  Ito,  vol.  i.  p.  170. 
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saponaceous  compounds  thus  formed,  and  the  pro- 
CEwes  by  which  they  may  be  obtained. 

Lime-water  acts  upon  expressed  oil  nearly  in  the  same 
maniwi  as  an  alkaline  solution,  forming  a  white  and  thick 
miUvtc  i  but  the  proper  calcareous  soap  is  formed  cither 
by  mixing  a  solution  of  soap  wiih  a  solution  of  sulphate, 
mnrijie,  of  nitrate  of  lime,  or  by  adding  it  to  lime-water  : 
(he  Itme  unites,  in  either  case,  with  the  oil  of  the  soap, 
and  forms  a  comhtnation  which  is  sparingly  soluble,  and 
^HiA  mnains  on  the  filtre. 

%  a  similar  process,  Berthollet  formed  magnesian  and 
irgiibceous  soaps,— adding,  to  form  the  one,  a  solution  of 
ftlpbite  of  magnesia,  to  fot m  the  other,  a  solution  of  alum, 
lotielution  of  common  soap.  The  magnesian  soap  was 
rflhe  utmost  whiteness,  unctuous,  dried  with  difficulty, 
^  preserved  its  white  colour  after  exsiccation.  It  melts 
vichamoderateheai,  and  forms  a  transparent  mass,  slight- 
If  fellow,  and  very  brittle  ;  it  is  insoluble  in  boiling  water, 
tw  alkobol  dissolves  it ;  when  water  is  added  to  the  solu- 
lin,  it  becomes  milky.  The  argilbceous  soap  was  soft 
oi  tHociou*,  and  preserved  its  tenacity  in  drying :  it 
■Ulct  roadity,  and  exhibits,  after  fusion,  a  mass  of  a  beau- 
^  trantparcnce,  rather  yellow.  It  appeared  tp  be  inso' 
rnitta  water,  alkohol,  or  oil. 
IbeMiuiion  of  muriate  of  barytes  afforded,  with  soap, 
iQ  nearly  the  same  in  appearance  and  proper- 
of  lime, 
lutions  of  eipressed  oil  with  metallic  osides  can 
ntofionl  by  a  similar  process, — adding  to  a  solution  of 
^  a  solution  of  a  metallic  salt :  and  the  properties  of  a 
"obei  of  these  compounds  have  been  examined  by  Bi-r- 
02 
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thollet.  The  combination  formed  in  this  manner  wit 
oxide  of  mercury,  he  found  to  be  viscid  ;  to  dry  with  dtf- 
Gculty,  losing  its  white  colour  in  drying  ;  to  be  soluble  in 
oil,  and  very  sparingly  in  alkohol.  That  with  silver  it  at 
first  white  -,  but  after  a  few  moments'  expofure  to  thr  air, 
il  becomes  red  :  that  of  gold,  which  is  also  at  first  white, 
toon  assumes  a  purple  colour;  these  changes  of  colour  in 
these  combinations  being  no  doubt  owing  to  the  facilitjf 
with  which  their  respective  metals  part  with  oxygen.  Th» 
combination  with  oxide  of  iron  is  of  a  reddish  brown  co- 
lour, tenacious,  and  easily  fusible  :  that  with  copper  is  of 
a  green  colour :  when  digested  in  alkohol,  its  colour  be- 
comes deeper,  and  it  liqueHei,  but  does  not  dissolve  in  tha 
cold  ;  eitier  renders  its  colour  deeper  and  more  beautiful, 
and  dissolves  a  considerable  quantity  of  it :  it  is  also  a- 
bundantly  soluble  in  oils,  to  which  it  gives  a  fine  green 
tinge.  This,  on  account  of  its  solidity  and  its  fine  green 
colour,  lias  been  proposed  to  be  used  as  a  paint  *.  The 
compound  which  oxide  of  lead  forms  is  white,  tenacious, 
and  very  adhesive  when  heated  :  that  of  tin  is  also  whlt«: 
it  is  not,  like  the  other  metallic  soaps,  fusible  ;  but  is  de- 
composed by  heat.  The  soap  of  zinc  is  yellowtsh  white, 
dries  speedily,  and  becomes  fusible  :  that  of  cnball  is  of  « 
dull  leaden  colour,  and  drys  with  dilTicuIty  ;  and  that  ot 
manganese  white,  but,  on  cxpositre  to  the  arr,  assumes  a 
peicb-bloom  colour,  which  gradually  deepens  f. 

Expressed  oil  is  capable  of  acting  more  d!r«rt)y  on 
some  of  the  metallic  oxides,  and  even  of  promoting  itip 


•  Journal  de  I'Ecole  Pol yi cell iii que,  Cah.  iii,  p, 
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oxidizentent  of  some  of  the  metals.     If  copper  be  rubbed 

over  witb  grease,  and  exposed  to  the  ^r,  the  surface  toon 

becomci  green,  ihe  fai  probably  absorbing  oxygen,  which 

Kts  on  the  metsl.     The  oiitiizcmcnt  of  mercury  by  tri- 

tvtadon  with  lard  probably  depends  on  the  same  agency. 

Widi  oxide  of  lead,  expressed  oil  combines  reatlily,  citlief 

hf  trituration,  or  in  a  more  perfect  manner  by  boilingi  and 

by  die  last  method,  so  much  of  the  oxide  ii  dissolved,  that 

the  compound,  when  cold,  assumes  a  solid  consistence, 

nd  ii  hard.    This  forma  what  in  pharmacy  is  named 

CN&mon  Plaster,  prepared  by  boiling  two  pans  of  oil  with 

"Be  put  of  vitrified  oxide  of  lead  (Htkirge),  adding  a  small 

pDttion  of  water  to  prevent  the  composition  from  being 

MiKlicd.     The  intxiure  becomes  white:  it  retains  this 

HfliBmi  when  cold,  but  becomes  yellow  from  long  ex- 

^^^Hlo  the  air.     Its  texture  is  folljted,  and  it  is  easily 

^^^Hu    From  its  adhesive  qudity  and  its  mildness,  it  is 

*dl  adapted  to  the  uses  to  which  it  is  applied  in  surgery. 

Drynix,  who  has  made  some  observations  on  these  com- 

tindota  ',  has  remariced,  that  some  other  metallic  oxides* 

atdlOK  of  bismuth  and  mercury,  may  be  m:ide  to  afibrd 

iWfar  compositions  with  oil.     In  ttie  action  of  expressed 

lAiaBUtbarge,  Scheele  had  observed »  that  a  substance 

if  afweet  usie  is  produced,  which  remains  dissolved  in  the 

rater  with  which  the  litharge  and  oil  are  boiled.     From 

experiments  on  this  subject,  it  appears,  that  during 

action  of  the  oil  on  the  oxide,  carbonic  acid  is  formed^ 

a  ponton  cf  water,  and  this  leaving  oxygen  redundant 

li»e  to  the  formation  of  the  sweet  substance,  which 


*  Annalm  de  Chimie,  torn,  xxxiii.  p.  50. 
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resembles  sugar  in  sevewl  of  its  properties,  but  tlilVcrs  from 
it  in  others,  particularly  in  being  volatile,  and  in  not  being 
capable  of  fermenting.  The  oil,  thus  changed  somewhat 
in  composition,  suffers  a  change  iniits  properties  ;  it  be- 
comes volatile,  and  soluble  in  alkohol,  and  thus  approaches 
to  volatile  oil,  A  similar  change  is  produced  on  it,  when 
it  is  made  to  form  soap  by  combination  with  an  alkali ; 
oxygen  is  absorbed,  but  none  of  the  sweet  matter  is  form-* 
ed-. 

Expressed  oil  is  capable  of  combining  with  sulphur,  by 
boiling  them  together.  This  solution,  named  in  the  shop) 
Balsam  of  Sulphur,  is  of  a  reddish  brown  colour,  an  ex- 
tremely f<£tid  smull,  and  an  acrid  taste.  By  the  applica- 
tion of  heat,  it  emits  sulphuretted  hydrogen.  When  con- 
centrated, sulphur  is  deposited  from  it,  crystallized  in  oc- 
taedroos. 

Expressed  oil  is  also  capable  of  dissolving  phosphorus 
with  the  assistance  of  heat.  The  liquid  is  luminous,  when 
exposed  to  the  air.  When  saturated^  a  part  of  the  phos- 
phorus is  deposited,  on  cooling,  in  octaedral  crystals. 

It  unites  with  several  of  the  other  vegetable  products ; 
with  gum,  fecula,  and  sugar.  If  triturated  with  any  of 
these,  and  a  little  water,  it  forms  a  milky  fluid,  which  may 
be  diffused  through  water  without  the  oil  immediately  se^ 
parating.  The  mucilage  suspends  it  more  completely 
than  either  of  the  othersi  and  it  is  frequently  used  in  phar- 
macy for  this  purpose. 

Expressed  oils  are  applied  to  many  purposes  in  the  arts. 
They  form  the  basis  of  paints,  the  oil  being  triturated  with 


*  Nicholion's  Journal,  vol.  xviii.  p.  231. 


OF  riXEIl  OIL.  filj 

vUte  oxide  of  lead,  and  the  colouring  matter  being  after* 
watds  added.  Combined  with  resin  and  turpentine,  they 
form  what  are  named  Fat  Varnishes,  which  differ  from 
dae  tpitit  vamishea  in  being,  when  dry,  more  flexible. 
Mixed  with  lamp-blaclc,  they  form  the  composition  used  as 
printing-inlc.  For  these  uses,  the  drying  oils,  those  of 
linseed,  of  poppy,  hemp,  or  nuts,  are  employed;  and  they 
Kqaire  even  preparation.  Not  only  is  the  seed  from 
rtticb  they  are  extracted  preriously  roasted,  but  the  oil  is 
bailed  strongly  for  some  time,  is  even  sometimes  kindled, 
>id  allowed  to  bum  for  a  tittle  ;  or  is  boiled  with  a  littlo 
lidurge  I  and  for  different  purposes  these  processes  2re 
often  Taried. 


Ol"  VOLATILE  OR  EMENTlAt  OIL. 

Th&  Volatile,  though  agreeing  with  the  fixed  oils  in 
^"ictuouiy,  inflammability,  and  several  properties,  differ 
''Ota  ihem  materially  in  others.  They  are  volatile  at  a  low 
'^pcratUTC,  and  are  converted  into  vapour  at  the  heat  of 
''<>UiDg  water,  wiiliout  being  decomposed  :  tbey  are  solu- 
^'c  in  a  small  proportion  in  water:  they  arc  more  soluble  tti 
*'l'ol»l,  and  they  do  not  easily  combine  with  the  alkalis, 
^ 'ley  are  in  general  odoriferous,  pungent,  and  acrid  ;  and 
^Cy  are  mote  highly  inflammable  than  the  fixed  oils. 

IImsc  oiU  are  less  abundantly  difTused  through  the  ve* 
v'taUc  kingdom  than  many  other  pioximate  principles. 
O  i 


A 


There  are  many  vegetables  in  Which  they  cannot  be  dis- 
covered i  and  they  do  not  exist  in  any  considerable  tjuan- 
tity  but  in  the  aromatic  plants.  In  some  plants  the  oil  is 
confined  to  the  flowers,  the  fruit,  the  leaves,  or  bark ; 
sometimes  it  is  contained  in  several  of  these  parts,  and  in 
a  few  instances  it  is  found  diffused  through  every  part  of 
the  plant.  The  quantity  varies,  not  only  according  to  the 
age,  but  also  according  to  the  vigour  of  the  plant ;  hence 
it  is  much  dependent  on  climate,  soil,  and  season. 

It  is  remarkable,  that  though  in  general  the  odour  seem* 
to  reside  in  the  essential  oil,  there  arc  some  of  the  most 
odoriferous  flowers,  as  the  violet  or  jessamine,  which  yield 
scarcely  any  essential  oil,  (hough  they  lose  their  flavODi 
by  a  gentle  heat. 

Some  of  the  essential  oils  being  contained  in  distinct 
vesicles,  may  be  obtained  by  pressure.  In  this  manner* 
essential  oils  are  obtained  from  lemon  or  orange  peel. 
More  usually  they  are  obtained  by  distillation,  ^^le  ge- 
neral process  to  procure  an  essential  oil,  is  to  expose  the 
vegetable  substance  to  heat,  along  with  a  large  portion  of 
water,  in  the  common  still.  The  heat  of  boiling  water  is 
EufTicient  to  volatilize  the  oil :  it  is  therefore  carried  over 
with  the  aqueous  vapour :  both  are  condensed  in  passing 
through  the  spiral  tube  connected  with  the  still :  the  wa- 
ter retains  the  taste  and  flavour  of  the  plant,  from  having 
dissolved  a  small  part  of  the  oil ;  the  greater  part  of  it, 
however,  separates,  and  swims  on  the  surface,  or  io  a  few 
cases  sinks  to  the  bottom.  Hence  the  oils  prepared  in  this 
way  are  named  Distilled  Oils';  and  the  waters  impregnat- 
ed w^  tbem.  Distilled  Waters. 

The  eisential  oils  are  in  general  lighter  than  water; 
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diovgh  ft  few  produced  from  the  atomltic  phtiU  of  hot 
climateSy  as  clores  ofcinnatnoni  afe  heavt^ :  thej  are  thin 
and  fluids  though  ftometimet  thick  and  tiicid :  softm  con- 
geal at  a  moderate  reductiim  of  temperaturei  others  rematn 
laid  at  very  kitense  colds.  In  congealii^  they  a^^ume  ft 
crjataUioe  arrangement.  fL  few  oils  are  always  obtained 
ooQcrete^  tuch  as  diat  of  roses.  Their  colours  are  rariousy 
and  each  has  a  peculiar  odour  and  taste  ;  the  odour  is  that 
sf  the  Tegetabte  from  which  it  is  extracted. 

The  essential  oils  are  Tolatilized  by  a  very  moderate 
lieat :  if  a  greater  heat  is  quickly  applied  to  themi  as  when ' 
tbey  are  distilled  without  water^  they  suffer  a  change  in 
composition  and  properties  ;  hydrogeii  is  evolred,  and 
charcoal  is  obtained  as  a  residuum. 

These  oils  exposed  to  the  air^  suffer  a  jradual  change. 
They  lose  a  great  part  of  their  smell ;  are  diickened ;  and 
at  length  become  nearly  concrete :  depositii^,  at  the  same 
tioMi  crystals  of  an  acid  nature.  From  th^se  changes  it 
was  formerly  concluded,  that  oils  are  not  homogeneous  in' 
their  composition,  but  consist  of  a  subtle  and  Tolatile  odo^ 
roua  matter,  and  of  anodier  more  fixed  \  and  that  the  chan- 
ges  the  oil  suffers  from  exposure  to  die  air,  are  owing  to 
the  escape  of  die  more  volatile  part.  For  this  opinion 
there  is  no  foundation;  and  these  changes  appear  to  arise 
ffooi  absorpdon  of  oxygen^  which  has  been  demonstrated 
by  experiment :  this  oxidizes  a  pordon  of  the  oil,  so  as  ta 
£mrm  an  acid  similar  to  the  benzoic ;  but  the  greater  part 
of  ity  either  by  the  loss  of  part  of  its  hydrogen,  or  partly 
from  diia,  and  partly  from  the  fixation  of  oxygen,  is  con* 
▼erted  into  a  substance  of  a  resinous  nature.  Water  is 
also  said  to  be  formed  in  small  quantity. 
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The  volatile  oih  when  Iieaied,  are  inflamed  even  mote 
nsi]j  than  tlie  fixed  are,  and  their  combuation  is  Riorer^ 
pid,  owing  probably  to  their  greater  volatililj.  The  ptO< 
ilucis  of  the  combustion  are  water  and  caibonic  acid. 
They  yield  more  water  than  the  fixed  oils  do  }  hence  they 
consist  of  carbon  and  hydrogeni  united  perhaps  with  a 
portion  of  oxygen  :  and  they  differ  ftom  the  fixed  oils,  in 
containing  inorc  hydrogen  proportioned  to  their  carbon. 
To  this  probably  arc  owing  their  greater  volatility  and  io. 
Bammability. 

The  essential  oils  are  dissolved  by  water,  but  in  rery 
tiaall  quantity,  only  as  mucli  as  communicates  their  fla- 
vour and  taste.  Distillation  is  not  necessary  for  this  com- 
bination being  elTected,  mere  agitation  is  suiBcient ;  and 
tlius  waters  may  be  formed,  as  strongly  impr^iuted  s» 
those  which  are  distilled. 

The  eMential  oils  are  much  moK  soluble  in  atti^icrf  i  - 
and  this  fomu  orte  of  the  principal  distinctive  chancten 
belwtcn  tbem  and  the  fixed  oils.  Some  combine  with  the 
aUohol  in  crery  proportioD,  others  in  limited  quanrities  i 
*nd  theic  are  tome  iriiich  are  sparingly  soluble,  aa  oil  of 
lemon  peel  or  of  turpentine,— afibrding  in  commoD,  with 
■May  facts  relating  to  the  chemical  ivladons  of  the  Tege- 
table  proximate  principles,  a  proof  that  in  each  the  pco- 
penics  arv  aot  perfectly  uniform,  but  exhibit  gradatjoos, 
undoubtedly  from  slight  variatioDS  in  the  cpmpontioa 
which  constitutes  the  species.  The  solatioas  of  tfa«  e»- 
sential  oils  in  alkObol,  are  decomposed  by  the  affiuion  of 
water,  which  attracts  the  alkohol ;  the  oil  is  tepaiued,  and 
being  diffuscJ  thioagh  the  fluid  in  luinutc  giobolei,  ren* 
den  it  i|ii!Lv. 
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The  action  of  tlie  acids  oa  the  essential  oils,  is  more 
fiolcnt  than  their  action  on  the  fixed  oils.  Sulphuric  actd 
blickens  (hem  insianilji,  and  sulphurous  add  and  catbonic 
acid  gases  are  disengaged  with  sudden  eft'ervesccnce  and 
considerable  elevation  of  temperature.  Nitrous  ncid  acts 
with  such  violence,  as  often  even  to  inflame  the  oil ;  and 
the  inflammation  almost  always  takes  place  when  a  little 
SBlphortc  acid  has  been  added  to  the  nitrous  acid,  imme- 
diiUeljr  before  its  affusion  on  the  oil-  If  the  nitncacidbe 
added  more  slowly,  and  with  precaution  to  guard  against 
mAamnuition,  it  appears  from  an  experiment  performed  by 
Chaustier  *,  that  prussic,  malic,  and  oxalic  acids  are  form- 
ed i  the  remaining  oil  is  converted  into  a  viscous  resinou) 
ubnance,  and  much  carbonic  acid,  nitric  oxide,  and  ni- 
trogen gases  are  evolved,  during  ihc  operation.  The  ac- 
tion of  mnrialic  acid  is  less  violent  j  it  deepens  in  general 
the  colour  of  the  oil,  and  thickens  it.  The  onymuriatic 
'converts  these  oils  into  a  resinous-like  matter. 
•  The  essential  oils  combine  with  diHiculty  with  the  fixed 
alkalis.  By  long  trituration  of  the  pure  alkali  with  the 
oil)  a  combination  is  effected,  and  a  saponaceous  compound 
U  rotnied  j  which  is  much  less  perfect,  however,  than  that 
fbmird  by  the  fixed  oils  with  the  alkalis,  and  generally  de- 
composes on  keeping.  From  the  observations  of  Pelletier, 
It  would  appear,  that  when  the  alkali  is  saturated  with 
carbonic  acid,  it  combines  more  easily  and  perfectly  with 
tlie  essential  oils,  than  when  it  is  pure  :  and  he  has  sup- 
posed, that  the  indirect  processes  employed  by  the  che- 
minf  to  form  these  combinations,  some  of  which  were 
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mrtlicinaliy  nsed,  succeeded  in  consequence  of  the  ^ 
torptinn  of  caibonic  acid  from  the  atmosphere  *. 

Liquid  ammonia,  distilled  with  the  CEsential  oiln,  dit> 
loWes  them  but  very  sparingly.  It  combines  readily,  how- 
eTcr,  with  them  when  they  arc  dissolved  in  alkohc^. 

These  oils  are  capable  of  dissolving  sulphur.  The  com- 
pound  has  an  offensive  smell  and  taste.  From  the  sacur* 
ated  solution,  part  of  the  eutphur  separates  on  standing  in 
transparent  crystals.  They  likewise  dissolve  phosphoruii 
and  front  this  saturated  solution  the  phosphorus  is  also  d» 
posited  in  a  crystalline  form.  Some  of  diese  solution^ 
that  in  oil  of  cloves  for  instance,  are  luminous,  without 
giving  oat  much  heat. 

They  decompose  some  of  the  metallic  salts,  first  at* 
tracting  the  oxide,  from  which  the  oxygen  continues  to  bfl 
slowly  attracted,  probably  by  the  hydrogen  of  the  oil,  so 
that  the  metal  i«  at  length  preciiHtated  in  its  pure  form. 

The  Yolatile  oils  unite  in  some  measure  with  mucilage 
or  with  sugar ;  md  by  the  medium  of  cither  of  diese  they 
may  be  suipended  in  water. 

They  are  in  general  used  ai  perfumet,  or  in  the  pr*c> 
tin  of  medicine.  Some  of  them  etUCT  into  the  compo^ 
tton  of  tarnishes. 

These  oils  are  frequently  adulterated,  either  by  At  ai' 
^itioB  of  some  cheaper  essential  oil,  as  that  of  turpeotinef 
of  a  pure  fixed  oil,  as  oil  of  almonds,  or  of  alkohol.  The 
first  is  betrayed  by  its  smell,  when  a  little  of  the  adulter- 
Mcd  oil  dropt  on  paper  is  heated  before  a  fire  *,  the  second 
ky  the  oil  dropt  on  paper  leaving  a  greasy  stain,  even  aftw 
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the  paper  has  been  exposed  to  as  hi^  a  heat  as  it  can  heart 
and  bf  not  being  soluble  in  albdiol ;  the  third  by  beoom- 
11^  miik J  wheneYef  it  is  mixed  with  water. 


SECT.  XI. 


OF  CAMPHOR. 


Camphor  is  a  principle  of  vegetables  which  in  many  of 
ib  properties  resembles  the  volatile  oils.  Like  them  it  b 
odoTOUSj  pungent,  volatile,  inflammable,  sparingly  soluUo 
in  water,  and  abundantly  soluble  in  alkohol.  It  differs 
from  them  principally  in  its  concrete  form,  in  its  peculiar 
odour,  in  its  relations  to  the  ^cids  and  alkalis,  and  the  re- 
sults of  its  decomposition  by  heat. 

Camphor  is  a  principle  contained  in  many  vegetableSf 
especially  the  aromatic  plants,  and  even  those  of  our  own 
country,  as  peppermint,  rosemary,  marjoram,  and  others : 
it  appears  to 'be  volatilized  in  combination  with  their  es- 
sential oil  in  the  process  of  distillation,  and,  when  these 
are  long  kept,  is  deposited  in  a  crystalline  form.  Proust 
extracted  it  in  this  way  in  considerable  quantity  from  oil 
of  lavender,  of  sage,  and  other  labiated  plants  ;  the  firstp 
by  spontaneous  evaporation,  affording  one*fourth  ;  the  se- 
cond  one*eighth  of  its  weight :  and  he  even  supposed  that 
it  might  thus  be  produced  on  a  large  scale.  The  process 
he  followed  with  this  view  was  to  distil  oil  of  lavender 
with  the  heat  of  a  water-bath  inferior  to  212^,  until  one- 
third  had  passed  over  5  the  remaining  quantity  when  cold 
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aflbrds  camphor,  which  may  be  Eepanted  from  the  adher- 
ing oil  b^  pressure  betweeD  folds  of  bibulous  p^tper,  stnd 
which,  when  refined  by  sublimation  w)ih  a  litllc  lime,  af- 
forded a  white  concrete  similar  to  common  camphor,  but 
retaining  somewhat  of  the  odour  of  the  essentiai  oil  *. 
The  same  plants  in  this  country,  howerer,  certainly  do 
not  contain  any  proportion  of  camphor,  snch  as  Prousi 
describes  ;  and  it  is  even  probable,  that  part  at  least  of  the 
camphor  deposited  from  essentiai  oils  that  have  been  long 
exposed  to  the  air,  has  been  formed  from  changes  in  the 
composition  of  the  oil. 

Camphor  exists  also  in  tbe  roots  of  some  aromatic  plants, 
stnd  has  been  extracted  from  those  of  cassia,  cinnamon, 
and  elecampane.  The  camphor  of  commerce  is  procured, 
however,  from  a  particular  plant,  the  Laurus  caniphora> 
a  native  of  the  east  of  Asia.  It  exists  ready  formed  in 
the  wood  of  this  tree,  can  be  seen  interspersed  through  it 
in  vesicles,  and  can  be  picked  out.  It  then  forms  wfi.it 
has  been  named  Native  Camphor.  It  is  usually  procured, 
however,  by  the  process  of  sublimation.  Tbe  wood  <^ 
the  stem  and  branches,  cut  into  small  billets,  is  exposed 
with  a  little  water  to  a  moderate  heat,  in  a  kind  of  alem< 
bic,  to  the  head  of  which  is  adapted  a  capital  in  which 
straw  is  put.  The  camphor  is  volatilized,  and  attaches 
ilself  to  the  straw.  It  it  a  little  impure,  but  is  puri&ed  in 
Europe  by  a  second  sublimation. 

The  camphor  of  commerce,  from  Us  mode  of  prepara- 
tion, is  in  tbe  form  of  large  semi-spherical  cakes  :  when 
biokeni  it  appears  in  fragments  of  a  texture  somewhat 
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ted,  having  a  ilegcec  of  ductility,  In  cor.sequence  of 
^"■hith  it  can  be  compressed,  and  is  not  cisiiy  reduced  to 
powder  ;  of  a  white  colour,  and  semi-tianspnrent ;  a  little 
unctuous  (o  the  feel ;  having  a  very  Strang,  peculiar,  and 
rsiher  fragrant  odour,  and  a  taste  which  is  pungent  and 
bitter.  It  is  also  susceptible  of  crystallization :  vheti 
aJowly  sublimed,  or  when  slowly  precipitated  from  its  bo- 
i^iCton  in  watrr  by  the  affusion  of  alkohol,  it  appears  in  the 
'orm  of  acicular  prisms. 

Ounphor,  though  a  concrete  substance,  is  even  more 
volatile  than  the  essential  oils.  It  evaporates  quickly  at  iJie 
Co««inon  temperature  of  the  atmosphere,  losing  in  weight, 
Uul  an  angubr  fragment  becoming  spherical ;  and  at  a 
t^mpctaiure  between  100  and  150,  it  subUmes  in  close 
"esscls  unchanged.  If  healed  under  compression,  or  if 
•'xldenly  heated  under  the  pressure  of  the  atmosphere,  U 
••^cornea  fluid  before  it  passes  into  vapour  ;  and  in  the  pro- 
ves* of  subliming  it  in  the  large  way,  the  heat  is  so  applied, 
'***t  the  camphor  is  kepi  fluid,  and  the  sublimed  cake  i< 
*™*»S  obtained  more  dense.  The  temperature  at  which  it 
***«lu  is,  according  to  Veniuri,  302^  of  Fahrenheit. 

'C  is  highly  inflammable,  kindles  very  readily,  and  burns 
^»th  (he  emission  of  much  light,  and  with  a  dense  black 
****olie,  which  condenses  into  a  smooth  light  charcoal. 
^'^HxAiic  acid  gas  is  produced,  and  a  portion  of  the  pecu- 
***'  acid  which  has  been  named  Camphoric  Acid. 

Camphor  is  sparingly  soluble  in  water.  When  tritur- 
*^  with  it,  it  communicates  its  smell  and  taste  to  the 
^^ter,  which  remains  odorous,  and  somewhat  pungent, 
**«n  when  filtrated  ;  but  no  appreciable  quantity  is  dis- 
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is  piesenced,  uhen  pieces  of  camphor  are  pticed  on  dip 
surface  of  pure  water.  They  soon  begin  to  roOTe  with 
rapldityi  and  while  moring  dissolve,  the  solution  taking 
place  at  the  line  where  the  water  and  the  air  are  in  cot»- 
tact ;  as  is  proved  by  immersing  a  cylinder  of  camphor 
in  water  part  of  its  length  :  it  becomes  excavated,  and  at 
length  is  cut  through,  exactly  on  a  level  with  the  surtaco  | 
of  the  water ;  and  the  motions  of  the  camphor  are,  ac- 
cording to  Venturi,  owing  to  this  cause ;  or,  aa  he  has 
expressed  it,  the  rotauon  of  small  pieces  of  camphor  at  the  ) 
lurface  of  water  is  the  mechanical  effect  of  the  re-actton  ' 
which  tltc  oily  liquor,  (into  which  the  camphor,  by  the  sol- 
vent power  of  the  air  and  water,  is  resolved),  extending 
itself  upon  the  water,  exercises  against  die  camphor  itself*. 
Camphor  is  soluble  in  alkohol :  the  solution  is  imiiiedi> 
aicly  decomposed,  and  the  camphor  precipitated  in  the 
form  of  a  white  powder,  by  the  affnsJon  of  water  ;  but  If 
the  water  be  slowly  added,  and  merely  in  such  a  quantity 
as  to  weaken  the  afiiniiy  of  the  alkohol  to  the  camphor, 
the  latter,  in  separating,  presents  a  dendritic  crynalliaa- 
tion.     It  is  also  soluble  in  expressed  and  essential  oils. 

The  alkalis  do  not  dissolve  camphor,  or  producs  on  It 
any  aensibte  change.     Of  the  earths,  mjtgnesia  appears  to 
eitert  some  action  on  it,  as,  when  they  are  triturated  to- 
gether, the  camphor  is  reduci-d  to  a  smooth  impalpible      i 
powder,  which  it  easily  diffused  in  water.  ,  i 

(  The  action  of  the  stronger  acids  on  camphor  is  peoi-    .' 

nar,  and  presents  some  singular  results.  ^ 

;  Sulphuric  acid  digested  on  it  renders  it  brown )  ud  at     1 

jl  •  Niclnjlion'j  Journal,  vol.  i.  p.  207.  ' 
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length  a  brown  or  reddish  solution  i&  obtained,'  £mm  which, 
08  the  addition  of  water,  camphor  is  again  precipitated. 
ThiSy  however,  it  has  been  remarked  by  Mr  Hatchet,  in 
ki^  eiperiments  on  thjc  formation  of  artificial  tannin,  takes 
phoe  .«olj  at  a  certain  stage  of  the' process. i  and  he' 
hu  investigated  other  changes  Vhieh'  happen  wixh  more- 
precision.    One  hundred  grains  of  camphor  b^iiig  added 
to  one  ounce  of  concentrated  sulphuric  acid/  it  gradually 
ditsolfedy  forming  a  solution  which,  from  yeUour,  deepen- 
ed to  a  blackish  brown,  much  sulphurous  acid  gas  having 
bten  disengaged :  at  the  end,of  :tih>  days,  tbQ:prpductioa 
of  diis'gas  had  ceased  s'tfae  vessel  was  plaried.in  a  sandr 
iMth,  by  which  it  was  for  a^iime  renewAi*;  i  At  the  end  of 
tvo  days  more,  six  ounces  of  water?were  'gradually  add- 
ed4  /coagolum  of  a  radish  brown  colour  wa|  formed ; 
tltsodour  of  sulphurous  acid  ceasedi;^d.was  succeeded 
bfone  resembling  that  of /i  mixture  of  oUs  of  lavender 
and  peppermint.    The  whole  was  then  ^distilkd /gradual- 
writhe  water  impregnated  with  this  odour  pim^  over,  ap^ 
companied  by  a  yellowish  oil»  amounting  to  about  three 
gnins.    When  the  whole  of  the  water  had  distilled  over, 
there  was  a  slight  production  of  sulphurous  acid  gas :  ^wo 
ounces  of  .water  were  then  added,  and  the  distillation  con- 
tinued until  a  dry  blackish  brown  mass  remained  :  by  the 
action  of  alkohol,  part  of  this  was  dissolved,  part  remain- 
td  undissolved :  the  latter,  which  amounted  in  quantity 
*to  53  grainsi  had  the  .appearance  of  a  compact  coal :  the 
dissolved  m:itter  had  the  properties  of  tanin  :  it  weighed, 
when  obtained  solid,  49  grains.     Into  these  three  sub- 
stances, therefore,  tlie  camphor  had  been  resolved,  by  the 
action  of  the  sulphuric  acid  causing  its  elements  to  enter 
Vol.  IV.  r 
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jKin  of  iho  camphor  has,  howoveri  betn  chinf  ed  iN  com* 
poftiiton ;  for  not  mote  tlian  twtvihird^  ot  the  poRwaopa< 
aipd  on  (Mn  lli«itbc  Koovenrd:  ilic  Kmainioff  (jtuiititf  ip- 
fM^M  to  «itiet  in  th«  «arc  of  an  md<i,  wtdi  a  quaniiti  of 
nitnc  acid  in  ihe  water}'  liquiil.  By  the  ^euer  niutibn 
of  the  other  adds  catnphor  is  dissolved.  Miiriiiii  xH 
gas  and  fluoric  acJd  ga  dissolve  It,  and  form  a  combin*' 
tion  vhich  is' decompoied  by  vater  ;  aod  liquid  montic 
»idfun<rll4BtetiG  acid,  eMily  efiect  its  tolotiaa  i  mi 
Bergias  fouiltf*  that  water  impr^nated  with  catbnracacid 
diBtolved  a  larger  portion  of  it  thaa  pare  water  f . 

By  distilling'  nitric  add  from  camphor,'  it  is  more  can* 
pletcly  changed,  and  hj  this  process  it  conrcited  into  ■■ 
acid  which  has  recnved  -the  name  of  Cunfriioric  w'* 
The  pTOccM  consists  in  distilling  from  4  ounon  of  cm** 
phor  in  a  retort,  I  lb.  of  nitricadd,  sofar  dilutedasiabt 
of  the  (peciiic  gravity  of  1.93,  the  heat  being  gndttUr 
applied  by  the  medium  of  a  sand-baiH :  nitric  (aide  n' 
carbonic  acid  gases  are  disengaged  ;  part  of  the  caDplW 


•  miilotapfiicsl  TianoBctiom,  1805. 
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rises  in  vapouT)  while  the  other  part  receives  oxygen  from 
the  acid.  When  the  Tapours  have  ceasc^»  the  receiver  is 
to  be  onluted  ;  the  camphor  condensed  in  it  is  to  be  re- 
turn^ into  the  retorti  another  pound  of  acid  added,  and 
die  distiUation  is  to  be  renewed.  This  operation  is  to  be 
lepeatedi  undl  all  the  camphor  is  acidified.  According  to 
Lagrange,  whq  performed  this  experiment  with  care,  a-* 
but  5  pounds  of  nitric  acid  of  the  above  strength  are  re- 
qahfdto  acidify  4  ounces  of  camphor  *.  At  the  end  of 
the  experiment,  the  camphoric  acid  crystallizes  in  the  re« 
maining  liquid.  /The  liquid  is  decanted  off,  and  the  cryst 
tab  befaig  placed  on  a  filtre,  are  washed  with  distilled  wa« 
ter,  to  carry  of  any  adhering  nitric  acid.  They  amoun 
to  nearly  half  the  weight  of  the  camphor* 

Ctaphor  may  be  decomposed  by  heat :  and  the  experi# 

nm  is  mstructive,  as  pointing  out  the  peculiar  nature  of 

titti  principle.     Some  management  is  requisite  to  submit 

it  to  a  heat  sufficiently  high,  and  at  the  same  time  prevent 

iti  Tolatilisation.    The  process  which  has  been  followed, 

ii  to  mix  it  with  pure  clay :  six  parts  of  clay  being  used 

to  one  of  camphor:  both  are  reduced  to  powder,  and 

when  intimately  mixed,  the  mixture  is  made  into  a  paste 

with  water,  which  is  made  up  into  small  balls,  and  well 

dried.    These  balls  are  exposed  in  a  retort  to  a  heat  gra* 

dually  raised,  the  retort  b  ^  ig  connected  with  a  receiver 

containing  a  portion  of  distilled  water.     Part  of  the  camr 

phor  is  sublimed,  but  the  greater  part  of  it  is  decomposed ; 

in  oily  fluid  distils  over,  which  swims  on  the  surface  of 

the  water  $  a  portion  of  camphoric  acid  is  likewise  pro* 


^  Nicholson's  Journal,  4to,  vol.  ii.  p.  157. 
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<luced,  which  the  water  di^sotvos,  and  there  remains  in  tin; 
retort  a  quantity  of  charcoal  mixed  with  the  clay,  and 
l>ivii]g  to  the  whale  a  deep  black  colour  i  there  are  difca- 
gaged  too  in  the  course  of  the  UKperiment,  Cftrfeurvlted 
hydrogen,  and  c»rbonk  acid  gaics.  Prom  i  ounces  of 
camphor  there  are  obt^iined,  according;  to  l.^gr^nf^e,  by 
thin  process,  1 2  drachms  nf  oil,  and  &  drachms  of  charca.il, 
Wtides  the  camphoric  acid  and  aerial  fluids  *. 

The  oil  of  camphor,  as  this  product  of  the  dccoinpO»i- 
lion  has  been  named,  is  of  a  golden  yellow  colour  ;  hai< 
tn  aromntic  odour  resembling  that  of  thyme  or  rofemarv, 
«nd  an  acrid  burning  taste,  leaving  a  sense  of  cnoJneia  on 
ihe  tongue,  tt  is  volatile  ;  when  exposed  to  the  sir  it 
partly  evaporates,  and  there  remains  a  thick  yellow  mailer, 
which  at  length  also  entirely  evaporates.  It  is  volatiliietl 
by  heat,  and  is  iiiKammable.  Alkohol  dissolves  ir  tntirt-- 
tyt^aodihcttAntion  ii  rendered  in i Iky i  but  wiiboM  mnj 
pncipitat»  on  the  affution  of  water,  It>comt>ine»  with 
ttW'pure  rikalii,  affording  a  compoqRd  soluble  in  wc'ter, 
ind'whtch  baithe  characters  of  the  loap  ma^pvitb  vo- 
latile,o»l(.-  ■  |Vhea  brought  into  contact  with  oxymutiatic 
tcid,  thit'oil  becomes  whit«,  but  qo  precipitate  appeau. 

Thutubftance  has  evidently  the  properties  qf  a  volatile 
cil  I  andlienoe  the  decompoution  of  the  camphor, in  wh^ 
it  it  ptoduccd,  points  out  tbr  t  Semical  consiiiuti(>a  of  this 
prwciple.  As  it  is  resotred  into  this  oil  and  i>iioi«harct>aI, 
or  comfounds  containing  carbon,  it  it  obvious,, that  it  dif> 
fers  fion  the  volatile  oils  prinGip;4l1y,  in  the  larger  quanti- 
ty of  carbon  which  enters  into  its  composition. 
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It  has  alreadjr  been  stated,  under  the  history  of  the  com* 
pounds  of  carbon  and  hydrogen,  that  when  the  vapour  of 
camphor  is  transmitted  through  an  ignited  glass  tube,  it 
is  resolved  principally  into  a  species  of  ozy-carburetted  hy* 
drogeo  gast  of  greater  specific  gravity  than  the  other  gases 
of  this  family ;  consuming  also  a  large  quantity  of  oxygen 
in  its  combustion,  and  afibrding  a  large  proportion  of  car* 
bonic  acid  from  that  process :  conuining,  therefore,  evi- 
dently a  large  quantity  of  carbon  in  its  composition. 

The  Campho&xc  acid  produced  by  the  preceding  pro- 
ccsteif  has  been  particularly  examined  by  Lagrange,  who 
has  found  reason  to  conclude,  that  it  is  different  from  all 
the  known  acids*  It  has  a  slightly  acid  bitter  taste,  and 
reddens  infusion  of  litmus.  Its  crysuls  effloresce  on  ex^ 
posure  to  the  air ;  they  are  sparingly  soluble  in  cold  wa^ 
ter,  an  ounce  of  water  at  50^  of  Fahrenheit  not  dissolve 
iag4iiore  than  6  grains ;  at  312%  about  48  grains  are  dis- 
solved. When  the  acid  is  placed  on  ignited  fuel,  it  emits 
a  dense  aromatic  vapour,  and  is  entirely  dissipated.  By 
applying  heat  to  it  in  close  vessels,  it  first  melts  and  sub- 
linies,  but  by  a  higher  heat  its  properties  are  changed  \  it 
no  longer  reddens  litmus,  it  acquires  an  aromatic  smell,  its 
taste  is  less  penetrating,  and  it  is  no  longer  soluble  in  wa* 
ter,.CMr  in  sulphuric  or  muriatic  acid.  Nitric  acid  heated. 
xm  it,  turns  it  yellow  and  dissolves  it. 

Camphoric  acid  is  soluble  in  the  mineral  acids :  it  is 
likewise  soluble  in  alkohol,  and  in  the  volatile  and  fixed 
.oils.     It  produces  no  change  in  sulphur. 

The  salts  formed  by  this  acid,  with  the  alkaline,  earthy, 
and  metallic  bases,  arc  named  Camphorates.    Their 
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properties  have  been  examined  by  Lagiingc*.  Their 
Ub!c  IB  Eomcwiiat  bitter :  they  are  decomposed  by  Ileal, 
Ihe  acid  btfing  sublimed  %  and  ihey  ail  exhibit  a  blue 
flame  when  heated  before  the  blowpipe.  The  alkaline  attd 
eartby  camphorates  are  formed  by  adding  ihc  camphoric 
icid  to  the  alkali  or  earth,  either  pure,  or  in  the  state  of 
carbonate  i  the  carbonic  acid,  in  the  latter  case,  being  dis- 
engaged. 

Camphorate  of  poiaua  is  tparin|r|y  soluble  in  cold*  bat 
abundantly  soluble  in  boiling  water  ;  it  crysialli*«8,  in 
crystals  of  six  sides,  white  and  transparent,  and  having  a 
bitl^rish  taste.  It  is  also  soluble  in  alkohol.  It  is  slight- 
ly deliquescent  in  a  humid  atmosphere ;  is  fused,  and  then 
decompoied  by  heat,  and,  as  all  the  camphorates  do,  burns 
with  a  blue  flame.  Campliorate  of  soda  is  lets  solabte 
than  that  of  potassa.  either  in  cold  or  warm  wairr :  in  > 
crystals  are  not  of  a  rcgtitar  form  %  they  are  white  and 
transparent,  and  have  a  bitterish  taste.  They  are  alao  so- 
luble in  alkohol :  they  are  slightly  effioiescent  t  «e  dccom' 
|ieted  by  hnt  in  the  same  manner  as  the  other.  Campbo- 
nte  of  amratmia  is  not  easily  obtained  crystaUized  ^  its  h^ 
lution,  evaporated  by  a  rery  gentle  heat,  giving  a  aolid  mat* 
ter,  sot  tianiparent,  which  has  nearly  the  same  degree  o£ 
•olufaility  as  the  campborate  of  potassa.  It  is  also  aoldrie 
SD  alkohol  1  is  deliquescent,  and  decomposed  by  heat. 

The  earthy  are  much  less  sololile  than  the  alkaliBCCai^ 
pbotates.  Camphotate  of  lime  is  sparingly  •ohahle  in 
VBtcTi  nifidoMiy  so,  howrrer,  to  remain  in  solutiop  wfaen 
'  the  Bcid  is  dropt  into  lime-water.     When  this  solutioa  ■• 
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the  salt  !s  drpostted,  oa  cooliogi  in  crystalline 
pb[e»,  of  a  white  colour.  It  is  effiorescent :  like  the  other 
caai{>horaie«(  it  is  decomposed  \>j  heal.     It  i$  insolubk  in 
alkobot.     The  camphorate  of  baiytts  19  prepared  in  a  si- 
miUr  manner  ;  anil  by  evaporation  it  is  obtained,  when  the 
Gqnor  cooU,  in  cryHalHnc  plMt&.    It  is  ?ery  sparingly  so- 
/obk  in  vttet;  ia  not  altered  from  expoeuie  to  the  aii. 
ta  tstte  u  sliphtly  bitter.     Caraphorute  of  magnesia  ia 
prcfared  by  sddiiig  camphoric  acitl  to  carbonate  of  mag- 
zxetia  iiSuted  in  water,  filtrating  the  solution,  and  evipo- 
it :  the  uk  is  deposited  in  crysc^llinc  plates,  white, 
and  slightly  effloieacent.     Ita  taste  is  bitter ;  it  is 
Bpaiin|ly  soluble  in  water,   and  also   iu   alkohol. 
Campborats  of  argil  il  prepared  by  a  process  similar  to 
ikkMt  by  which  the  la^  salt  ts  obtained  :  on  evaporation 
*aA  tooling,  it  is  deposited  in  the  state  of  a  white  powdcTi 
fautag  a  taste  sotacwhat  bitter  atul  uypiic.     it  ia  soluble 
ia  about  ^00  parts  of  cold  water,  and  in  a  much  less  quan- 
tity of  boiling  water,    it  is  also  sparingly  soluble  in  ulko- 
bol, bm  more  abundantly  if  ilie  temperature  be  raised.  It 
■■  dtcooiposed  by  heat*  and,  liVe  the  other  camphoraies, 
bum  with  a  blue  flame. 


davHOH  ra  not  only  a  native  productioD  ;  it  has  been 
■■WWwd,  that  it  IS  capable  of  bein^  anilici^tlLy  formed. 
'■>  racbar  stagolar  t^jci  t^ccurred  n>  a  Mr  Kind,  a  Gt i^ 
"**>  ehcRittt,  in  forming  3  mi.-rticiral  piepuraiion,  b<f  pacs- 
^nnnwicaodgasfhrtrngboilof  rarpFRtiiM.  **  The  oil 
*'S"'Trt  ir.fint  1  yrt'-r'  colour,  afterwards  a  pale  biusRi 
9  eitd,  lomcd  to  2  dcrn 


I 
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After  cooling,  the  1!<]uot  was  almost  wholly  co;iguUt$ 
to  3  crystalline  mass,  which  in  every  respcci  comported  ll- 
aclf  like  camphor."  The  agency  of  the  muriatic  acid  in 
giving  ritic  to  this  result,  he  supposes  to  depend  on  iu 
great  tendency  to  eomhine  with  water,  in  cotisequeoce  of 
which  it  determined  the  union  of  the  principles  of  this  li- 
quid (oxygen  and  hydrogen)  in  ihe  oil,  so  that  the  carbon 
became  predominant.  He  fanhet  observest  that  though  ^ 
simitar  production  of  camphor  had  not  been  before  noti- 
ced, yet  Meyer  speaks  of  a  concretion  of  a  camphoric  na- 
ture, formed  in  oil  of  turpentine,  digested  with  dry  cau- 
stic sail  ;  and  Trommsd  or  If  observed  a  formation  of  cam- 
phot,  on  distilling  essential  oils  on  lime  ;  and  in  both  cases, 
the  same  cause  may  be  supposed  to  hare  operated. 

TrommsdorfF  repeated  Kind's  experiment,  and  obUiDed 
similar  results.  A  concrete  matter  was  procured,  which, 
when  dry,  was  white  and  aemi- transparent :  its  odour  was 
strong,  and  anatogouito  that  of  camphor,  though  injurrd 
by  that  of  thetOTptntine.  •  When  heated,  it  wai  volatili- 
Xed,  with  a  strong  soneH  of  camphor,  and  without  any  re- 
siduum :  in  cloM  vessels  it  sublimed :  in  the  open  air  its 
vapour  inflamed.  It  was  dissolved  entirely  by  alkdiol,  and 
was  precipitated  unaltered  by  water.  It  dissolved  with 
facility  in  almond  iril.  Concentrated  nitric  acid  effected 
ita  Bolutibni  at: first  calmly,  but  afterward*  with  a  diaen- 
gagement  of  nioic  vxidtf  gas.  The  mixture  became  turbid 
by  the  addition  tf  wotcttt  but  did  not  deposits  caaiphor^— 
>  the  only  ciicain«t»«ce  attending  these  experiments  in 
wlucb  this  substance  differed  from  common  camphor,  and 
wimb  Tromnttdorff^  supposed  might  be  owing  to  the  pie> 
sencc  of  a  little  muriatic  acid,  or  oil  of  turpentine. 
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These  ezperiments  were  repeated  by  Bonlkyi  in  j:on- 
junetkni  with  Quzel  and  Chomet,  from  whose  memoir  * 
the  above  account  is  taken )  and  they  added  a  number  of 
facts  connected  with  this  artificial  formation  of  camphor* 

From  four  pounds  of  oil  of  turpentine^  put  into  the  first 
bottle  of  Woolfe's  apparatus,  and  submitted  to  the  action 
of  the  quantity  of  muriatic  acid  gas  transmitted  through 
jt,  disengaged  from  four  pounds  of  sea*salt  and  two  pounds 
of  sulphuric  acid  mixed  in  a  retort,  they  obtained,  at  the 
end  of  the  experiment,  which  exhibited  the  same  pheuo- 
mena  as  had  been  described  by  Kind,  twenty  ounces  of  a 
crystalline  matfer.  When  the  brownish  liquid  which  had 
been  withdrawn  from  tUs  matter  had  stood  several  days^ 
four  ounces  more  were  deposited ;  and  on  exposing  the 
icinaining  liquid  to  intense  cold,  two  ounces  more  were 
obtained,  thus  affording,  on  the  whole,  seven  ounces  and 
a  half  of  this  matter  for  each  pound  of  oil  of  turpentine 
eoiployed.  When  the  proportion  of  muriatic  acid  gas 
transmitted  through  the  oil  was  increased,  the  precipita- 
tion of  the  crystalline  matter  took  place  in  nearly  the  same 
quantity.  0 

This  matter,  washed  in  distilled  water,  became  bf  a 
beautiful  white  colour:  it  gave  no  signs  of  acidity,  bul^ 
had  an  odour  of  turpentine.  When  washed  with  water 
having  dissolved  in  it  carbonate  of  potassa,  it  lost  much  of 
this  odour.  When  mixed  with  an  equal  weight  of  char- 
coal  powder,  of  quicklime,  or  of  dry  argil,  and  sublimed, 
in  each  of  these  processes,  a  mass  was^pbtained  in  the  ca* 
pital,  composed  of  needle-formed  crystals  in   groupes. 


*  Nicholson's  Journal,  vol.  x.  p.  132. 
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ftiii  is  dcposit>;d  in  the  intersliccs  of  tho  wood,  or  oihw 
p.iru  of  the  pUnt.  When  combined  with  gum  or  extract, 
it  cai  oiily  be  separated  by  a  cheniicnl  process  t  and  the 
usual  one  ia,  to  dissolve  the  resinous  mattci  by  (tiliofaol, 
and  precipitue  it  from  this  bolutiun  by  the  allusion  of  wa- 

Rceius  when  conctete,  ate  brittle,  ard  have  generally  a 
smooch  and  cunchoidal  fracture  i  their  lustre  is  peculbr; 
ibey  ate  more  or  less  transparent,  and  of  a  colour  which 
is  usually  some  sliade  of  yellow  or  brown.  Their  speci- 
fic gravity  is  rather  greater  than  that  of  water :  ihcy  are 
often  odorous  and  sapid,  cKougli  neither  of  these  i^ualilies 
(S  Bssential  to  a  resin,  and  some  are  insipid  and inodorou*. 

Resins  arc  fusible,  and  melt  from  a  very  moderate  heat. 
When  cooled  they  become  solid,  without  any  change  ta 
their  properties.  They  are  not  volatile  :  for  aitltougb 
when  strongly  healed,  a  vapour  arises  from  tliem,  itiia  IE 
eiiher  from  a  potlion  of  volatile  oil  wliicli  has  adhered  to 
the  resinous  mattei,  or  is  the  result  of  decomposition. 
When  ths  best  rises  nearly  to  ignition,  this  vapour  takes 
fire,  and  fhe  resini  themselves  are  all  inflammable.  Tliey 
affi>rd  inthdr  combnsdoa,  water,  carbonic  acid,  and  a 
very  depse  smoke  which 'condenses  into  a  fine  charcoal. 
Whea  subjected  to  decomposition  by  heat  in  close  vessels, 
they  afford  water,  a  portion  of  acid,  carburetted  hydrogen 
and  carbonic  add  gases,  and  a  residuum  of  charcoal.  They 
.  appear  therefore  to  be  compounds  of  carbon,  hydrogen, 
and  oxygen ;  and  ^ffer  from  the  volatile  oils  in  containing 
less  hydrogen,  lliese  oils  appear  to  be  convertible  into 
them  by  long  exposure  to  the  atmosphere,  but  it  is  not 
very  evident  whctbei  thU  it  owing  to  the  oxygen  combin- 
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injr  with  the- entire  principles  of  the  oil,  or  only  with  its 
hydrogen,  fbnntng  water,,  and  leaving  the  oil  of  course 
with  an  enlarged  proportion  t>f  carbon  and  oxygen. 

All  these  substances  are  insoluble  in  water,  and  are  not 
afiected  by  this  fiutd«  Neither  do  tliey  suflFer  any  altera- 
tioo  from,  exposu^re  to  the  air  },  hence  (rqm  both  ^ualities^ 
they  are  used-  airthe  basis  of  varnishes,  with  which  the 
surfaces  of  substancea  are  covered,  that  require  to  b^  pro* 
Cected  ftom  the  action  of  air  and  b.un^idity. 
'  Resins  are  soluble  in  alkohol;  spme  of  them,  however, 
more  sparingly  than  otiiers.  Those  wl^ich  are  most  dif- 
ficultly soluble,'  have  their  solubility  promoted  by  the  ad»' 
dition  of  camphor.  rTheir  solutiobs  are.decompqse]d;by 
the  addition  of  water,  and  the  .resinous  matser  precJBitat- 
etl.  They  are  soluble  likewise  in  ether,  and  in  volatile 
and  expressed,  oils :  and  camphor  exerts  a  marked  action 
on  them ;  when  .beat  with  any  resin  or  gum-resin,  it  rcn-* 
ders  it  soft  and  nearly  liquid. 

From  the  experiments  of  Mr  Hatchet  it  appearv.that 
resins  combine  with  the  alkalis.,  Ip  examining  the  sub- 
stance known  by  the  name  of  Lac  *,.  and  which  consists 
principally  of  k:esin,.with  smaller  portio:.s  of  wax,  gluten, 
and  colouring  mattet,  he  found,  that  it  wis  completely 
soluble  in  solutions  of  potfissa  and  soda,  forming  sapona- 
oeous  compounds,  which  are  decomposed  by  acids^  and 
<he  resin  again,  precipitated.  And  by  farther  experiments 
he  found,  that  other  resins  are  dissplvjed.  likewise  by  the 
alkalis.  Facts  of  this  kind  had  even  been  known  to  the 
dder  chemists  :  thus  copal,  which  of  all  the  resins  seems 


*  Philosiiplucal  Transactions,  ISOl. 
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to  be.  t»9l  easily  acted  on,  was  known  to  be  perfectly  du* 
SoIrcH  by  purr  alkalis,-  the  solution  being  precipitated  hf 
acids  '.  These  alkaline  Bolucion.-i  may  even  serve  as  var* 
nisiies,  and  in  the  composition  of  pigments.  The  alka- 
line carbonates,  and  even  salts,  having  a  slight  excess  of 
alk^ili,  as  common  borax,  exert  a  similar  action,  only  less 
energetic.  tTie  solvent  action  of  ammonia  on  the  resins, 
is  not  so  complete  as  ihat  of  the  fixed  alkalis, 

Rc'Jins  arc  also  soluble  in  some  of  the  acids,  and  by 
others  are  decomposed.     On  this  subject  the  roost  accu- 
rate information  is  to  be  derived  from  Mr  IiJichct's  ex- 
periments f.     Concentrated  sulphuric  acid  ponred  on  anjr 
restn  in  powder,  dissolved  it,  he  found,  in  a  few  minutai^^ 
the  toluiion  being  transparent,  of  a  yellowish  brown  CB^H 
lour,  and  an  oily  appearance.     Though  ihfl  lesin  appeal*  ^ 
it  first  to  be  merely  dissolTed,  this  is  not  permanent ;  pro* 
grcssive  alterations  inking  place  in  the  dissolved  matter  : 
the  principal  product  of  these  chirtgec  in  a  cenain  stag*    - 
of  the  pnoeui  U  a  svAMtance  wtikh  has  almost  mil  the 
diaracteritlic  |>ropertiea  of  the  Tegetable  principle  named 
Tanhin  t  this,  too,  is  chniged  by  the  continued  Ktion  of 
the  add^  oiM  is  nicimateiy  converted  into  charcoal. 

'  Nhric  acM  also  acta  on  teuns ;  but  the  nature  of  kt 
attiOnV  it  is  obserrecl  by  Mr  Hatchet,  appears  to  be  cm^ 
verselj  that  of  nriphunc  acid :  with  the  latter  Mid,  soln- 
lion  precedes  decoAiposition  j'  bat  with  nitrrc  acid  deeom- 
poii^n  to  a  ctrtido  degtee  precedes  solution  :  for  it  at 
fn^rconrerts  the  resim  into  a  pale  orange  coloured,  brittle, 
porous  substance,  then  into '  a  product  which  apparently 


•  Materia  Mcdica  Bergii,  p.  899. 
t  PhiloK>phical  Transactions,  lft04,  1S05,  1S06. 
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V 

p(Me8$eitli«Jnteniie(liate.diaiisicters  ol  vegetable  estrac-f 
tiwatttlter  jiiid  Qfite»n4  aiiil^.lastly>  iiitv>a  vatietj  of  the 
tdnBitagi«iibttJuice>(  df&rent*prqportioiis jof  thU  being ;a£^. 
foifi^hif*'6iSetentti^nsi.i]  ^  t  •  no..      '-  '^•.  --*''.'  .1.  ) 

Then  u;<Mie';Kuf^(howeTeT^  wfazcH  ^ppeavsto  bft^a  di- 
ledli'iDlTehC'of  s«siqS|  wifihoiiti:oiitf8naU^i altering,  theit) 
aNnpci8itWn,-«^^heace<fc  acid.  ^Ir  jiatchet  obeen#d  its* 
i6b§tm.pmnmi  in  hisuasiaiyas  oC-ladt  db^.wboleof  then- 
m  of  thskt  sahatancciieibg  idissoiycyhiiy  it^i^uh  the  as-; 
ft8tancejo£vho<Mt}ca.'poitira  being  de|>6site4  as  the  liquid, 
cooled^  iiat  m  fate  s\i9ft  aenaufing  «hfiSotodt'  whicih  was  af*. 
tcrwiirda  piiEfcapitatrd- bj  water.  .:>'':  ^i  ^  / 

A  number  of  rdsbiduB  substances  dr^.ixiet  vitb  in  com*' 
aeroeiy  beixigoxK^  in  jntdicine  or  tbe^artd*;  such  aa.<opSil| 
andanch).  pii&dc^idibgon'S'HJoody  'elcmiy  ind  die  resins 
obtained  from  tbrjniBes.of  tbe  diffierent  species  of  .phie.. 
Tliese>tboiigb>af(eiiQfsil-ankkigy,exista  among  febenm  41111 
differ  somewhat  ni^their  dhemical  properties,  so  as  tp  lead 
them  Co  be  regacded  «s:irari^tic&  of  one  ichemical  q[>ecie6« 
Tbcy  henoe  reqiiirt«s«iii«bs»parace:qdti06.  i- 

The  joiceof  difiei^entspeciJBS  ot  Pmeiconsists  principaU. 
}jof  essentia]  ioil  and  redn  ^&nd  in  <Ufierent  stater  of  pre- 
poiation  giYeriseto  thevarietieaof  T  urpentineyResin>Tar» 
and  Pitcb^.  'liie  natikre-  jatcea'of  these  trees^  obtain* 
ed.frora  ioctaioasin  tbetnihk  jor  branchesi  have  received 
tbe  common  name  of  torpentMe.  What  is  named  Com* 
mon  Tuvpemme,  is  jm)ciired  from .  the  Pinus  sylvestris  v 
the  Venice  tnrpentiney  Wbidi  is  thinner,  and  contains  more 
essential  oil,  is  from  the  Ffarbs  larix ;  the  Str^sbarg  tor- 


•  Joarnal  de  Phystque,  torn.  xxxi.  p.  337. 
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pentine  is  the  produce  of  the  Pinus  picaea':  Ouiadian  BaL  ^. 
sam  is  a  still  finer  tuq>eiitine  obtained  froni  the  Finns  haK^ 
samea.    When  these  turpentines  are  submitted  to  distiX* 
lation  with  the  addition  of  a  portion  of  water,  the 
tial  oil  distils  orer*  forming  the  oil  of  turpentine  of 
merce.    The  resinous  matter  of  the  juice  remainsy  and 
tile  common  or  yellow  rosin  of  the  shops.     When  tine 
juice  is  melted  from  the  wood  of  the  teec,  bf  the  applicas^ 
don  of -heat,  it  undergoes  some  decorapositioo  ;  the  wood 
also  n  charred)  and  hence  the  product  iis.a  darfc*coioure«i 
resinous  liquid*  consisting  principally  of  empyreomatic 
oil|  resini  and  acetic  acid.    This  constitutes  Tar.     Thisy 
when  inspissated  by  boiling,  forms  Pitch*  . 

Sandaroch  is  the  produce  of  the  Junipems  comqimiiip 
being  secreted  and  deposited  beneath'the  bark,  or  exuding 
through  it.  It  is  in  small  round  fragments^  of  a  yellowifb 
colour,  semi-transparent,  and  brittle,  having  a  very  sligl^t 
odour,  and  scarcely  any  taste.  It  is  entirely  soluble  in  al- 
kohol,  and  is  used  in  the  composition  of  some  of  the  spirit 
varnishes.  Mr  Nicholson  remarks,  that  it  is  not  soluble 
in  oil  or  melted  tallow,  in  which  it  differs  from  resins  *• 

Mastich  is  the  produce  of  the  Pistacia  lentiscus,  by  ex- 
udation :  it  is  in  small  rounded  masses,  of  a  yellowish  co- 
lour, semi-transparent ;  has  scarcely  any  taste,  and  itssme'^ 
is  perceptible  only  when  it  is  heated.  It  is  soluble  in  il- 
kohol,  but  not  entirely.  Mr  Mathews  found,  that  ntixlj 
a  fifth  part  of  it  remains  unilissolved  :  this  residual  matter, 
alter  repeated  washings  with  alkohol,  was  white,  consider 
ahly  elastic,  adliosive,  and  inflammable.     It  had  the  jp^ 

^    Nul.i.li'i.i'i  jjiiina',  vol.  x.  p.  *217. 
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pearance  of  caoutchouc,  and,  from  some  comparative  ex- 
periments, appeared  to  have,  nearly  the  same  chemical  pro- 
perties. Mr  Brande  has  remarked,  that  it  differs  from  it, 
in  becoming  hard  when  dried,  by  exposure  to  the  air.i 

Copal  is  a  resin  possessed  of  some  peculiar  properties, 
and  valuable,  as  serving  to  form  the  finest  varnishes.     It 
is  the  produce  of  the  Rhus  copallinum,  a  native  of  Mexi- 
co :  it  appears  to  have  exuded  from  the  stem  or  branches 
in  a  liquid  oir  soft  state,  and  to  have  afterwards  become 
concrete.   .It  is  in  large  fragments,  smooth  and  brittlct 
transparent,  or  nearly  so,  without  colour,  or  having  only  a 
slight  tinge  of  yellow :  its  taste  is  weak,  and  it  has  scarce- 
ly any  smell :  when  chewed,  it  does  not  become  tough,  at 
xnastich  docs.     Like  the  other  resins,  it  is  fusible,  inflam- 
nuble,  and  insoluble  in  water.     The  property  in  which  it 
differs  from  the  greater  number  of  them  is  its  very  sparing 
soiability  in  alkohol :  when  digested  in  that  fluid,  with  the 
assistance  of  heat,  part  of  it  assumes  the  appearance  of  an  ' 
opaque,  soft,  viscous  mass ;  a  small  portion  only  is  dis- 
solfed,  and  the  greater  part  of  this  subsides  as  the  liquid 
cods.    Camphorated  alkohol,  Bergius  states^  dissolves  the 
greater  part  of  it ;  and  a  perfect  solution  is  obtained,  he 
remarks,  when  camphor  and  copal  are  put  together  into  al- 
kohol, owing,  no  doubt,  to  the  peculiar  action  which  cam- 
phor exerts  on  ail  the  resins.     It  is  not  soluble  by  diges- 
tion in  expressed  oils ;  but  it  is  stated  by  Bergius,  that  if 
it  be  previously  melted,  and  the  oil  be  dropt  on  it,  it  ir 
completely  dissolved  both  by  fixed  and  volatile  oils.     By 
Oil  of  turpentine,  he  add^,  it  is  converted  into  a  soft  viscid- 
like  subbtance  \  and  if  the  oil  be  old,  it  acts  more  power- 
fully on  the  copM  than  when  reccr^t.    Orher  oils,  as  thosf 
Vol.  IV.  Q 
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of  Toscntary  and  lavender,  dissolve  it  even  iu  tlu  cold- 
And  3s  ibcse  three  oils,  especially  when  long  kept)  appear 
genciatly  to  contain  camphor,  ii  ii  probable  that  it  nu]' 
pTomoi.e  the  toiuiion  of  the  copal. 

Elemi  ia  a  resin  little  used.  It  it  the  produce  of  tht 
Amyris  elcmifcra  i  is  in  large  solid  masses,  of  a  variegaieil 
greeniflli  colour,  and  semi-transparent  i  having  an  odom 
stronger  than  somv  of  the  other  resins,  and  a  taste  wliich 
is  bitter.  It  is  fusible,  inilammable,  soluble  in  alkoholi 
aiul  partially  soluble  in  expressed  and  essential  oiU.  I: 
appears  to  contain  volatile  oil  in  cori^bination  with  rcsii>i 
88'a  email  quantity  is  obtained  from  it  by  distillation. 

Animi,  the  produce  of  the  Hymenals  courbaril,ti  a  tesin 
which,  in  its  external  appearance,  lias  a  very  strong  l^ 
semblance  to  copal,  and  is  often  sold  for  it,  or  mixed  mm 
the  real  copal :  it  Js  distinguished  prtucipally  by  havirf 
more  of  a  yellow  tinge,  by  becoming  somewhat  ductils 
when  masticated,  and  by  being  more  easily  soluble  inal- 
kohol,  and  Iti  essential  or  expressed  oils. 

The  resin,  which  has  received  the  absurd  name  of  Dn- 
gon's  Blood,  is  obdined  from  the  Pterocarpus  draccv  «• 
uding  from  iricisionsmade  in  theb.irk,  and  also  from  ton* 
othrr  plants.  It  is  in  masses,  of  a  red  colour,  and  nn*- 
gated  texture,  opaque,  hard,  and  friable  ;  without  taite  * 
smell.  It  is  fusible,  inilammable,  and  soluble  in  allal«*t 
Goxninunicaiing  to  it  a  deep  red  colour. 

The  substatice  known  by  the  name  of  Lac  is  prodBC*" 
by  an  insect,  which  deposit^s  It  on  the  branches  of  ctrt»" 
trees  in  India,  formed  into  cells,  which  appear  designed  •* 
m  envelope  for  its  young.  It  is  imported  into  Euroj*  ** 
different  states* — sticlc  lac,  which  is  the  substance  in  it^"^ 
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rural  state,  seed  laC|  in  which  it  is  reduced  into  small 
(tagments  or  grains  by  poundingi  and  from  which  part  of 
the  colooring  matter  appears  to  have  been  extracted  by 
boiling  i  and  shell  laC|  which  is  prepared  from  the  natural 
laCp  by  liquefying,  straining,  and  forming  in  into  thin  plates, 
uid  which  contains  least  of  the  colouring  matter.  The 
laCf  freed  from  the  insect  often  involved  in  it,  has  all  the 
characters  of  vegetable  matter,  and  is  probably  not  form- 
edy  but  deposited  by  the  animal  which  produces  it ;  and 
Mr  Kerr,  who  has  given  some  account  of  its  natural  his- 
tory %  has  remarked,  that  <<  as  a  red  substance  is  obuined 
by  incision  from  the  plaso-tree  very  analogous  to  lac,  it  is 
probablet  that  the  insects  have  little  trouble  in  animalizing 
the  sap  of  these  trees  in  the  formation  of  their  cells/'  It 
was  always  evident,  from  the  chemical  nature  of  this  sub* 
stance^  that  it  was  of  a  resinous  nature ;  and  its  analysis 
has  lately  been  executed  by  Mr  Hatchet  f  •  He  has  found 
it  to  consist  principally  of  resin,  with  colouring  extract, 

vegetable  gluten,  and  wax  i  the  different  varieties  giving 

the  following  proportions : 


fUltlL 

Eitract. 

Wai. 

Gluten. 

Stick  lac,  68 

10 

6 

5.5 

&ed  lac,  88.5 

2.5 

4.5 

2 

SheU  lac,  90.9 

0.5 

4 

2.8 

^^  principal  qualities  of  the  lac  are  of  course  derived 
^^^^^  the  resin,  its  chief  constituent  part.     Alkohol  dis- 

♦  Philosophical  Transactions,  1781,  p.  229. 
t  Ibid.  1801. 
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solves  this,  forming  in  the  cold  a  transparent  solution  i  bw 
if  heated,  the  solution  is  turbid,  from  some  of  the  other 
principles  bcieg  dissolved.  Ether  acts  less  powerfully  on 
it.  Water  acquires  from  the  different  varieties  of  lac  s 
crimson  colour,  more  or  less  deep,  according  to  the  pro- 
portion ef  colouring  matter  they  contain.  The  stronger 
tcids,  as  the  sulphuric  and  nitric,  decompose  it.  Muilafic 
acid  dissolves  its  colouring  nutter,  and  gluten  ■,  acetic  acid 
dissolves  the  whole  of  it,  except  the  wax.  The  alkalis  and 
alkaline  carbonates  dissolve  it,  forming  saponaceous  solu- 
tions ;  and  it  is  also  rendered  soluble  by  borajt.  Lac  is 
used  in  dyeing,  and  the  preparation  of  paints ;  a  solution 
of  it  in  water,  by  the  medium  of  borax,  is  the  bads  of  the 
Hindoo  ink,  and  maybe  used  as  a  varnish.  It  enters  in- 
to the  composition  of  the  common  spirit  varnishes,  and  i» 
b  employed  in  the  formation  of  sealing  wax. 

Besides  the  substances  now  described,  which  are  near- 
ly or  perfectly  pure  resins,  resinous  matter  eiisti  in  com- 
bination with  other  proximate  principles  of  vegetables,  and 
is  also  contained  in  the  leaves^,  bark,  and  other  parts  of 
many  plants.  The  hiedicinal  powers  of  a  number  of  the 
most  important  articles  of  the  Materia  Mcdica  depends  on 
a  resinous  principle  in  these  states. 

The  principal  use  of  the  res'ms,  it  has  been  observed  in 
their  description,  is  in  the  formation  of  varnishes;  and 
these  arc  generally  coipposed  of  more  than  one  resin  in  a 
state  of  solution.  They  are  named  Oil  or  Spirit  Varnish- 
es, according  as  oil  or  spirit  is  the  solvent.  The  oil  m.ir 
be  either  expressed  or  volatile.  Of  the  former,  the  dry- 
ing iinseed  oil  is  what  is  generally  employed  j  of  the  lat- 
ter, oil  of  turpentine.     A  varnish  with  ihc  first  is  prepar- 
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cd  by  boiling  the  finer  kind  of  common  resin  with  a  por- 
tion of  mastich  in  linseed  oil ;  and  to  this  a  portion'of  oil 
of  turpentine  is  usually  added,  which  accelerates  the  drying 
of  the  varnish.  Copal  is  also  frequently  used  in  the  compo- 
sition of  these  fat  yamishes.  These  solutions  of  copal  or  mas- 
tich have  been  particularly  recommended  for  mixing  with 
colours  to  be  used  in  painting,  the  tints  of  colour  being  less 
injured,  retaining  their  brilliancy  longer,  and.  not  being  so 
liable  to  be  acted  on  by  any  solvent,  as  when  the  colours 
arc  mixed  merely  with  the  drying  oils  *•    Varnish  with 
oil  of  turpentine  alone  is  prepared  by  dissolving  in  this  oil 
the  requisite  proportion  of  masticlu    If  a  finer  varnish  of 
ditt kind  isTequiredf  it  is  formed  from  copal;  but  it  has 
always  been  found  difficult  to  dissolve  the  copal  complete- 
ly in  the  oil.   Diflerent  methods  have  been  proposed ;  that 
by  the  medium  of  camphor,  which,  as  h<^s  already  been  re- 
marked, renders  copal  soluble,  appears  to  be  the  best, 
l-^tus  varnish  is  colourless  and  durable,  and  answers  well 
for  varnishing  pictures.     The  method  of  preparing  it  has 
been  given  by  Mr  Sheldrake  * :  half  an  ounce  of  camphor 
betag  dissolved  m  a  quart  of  oil  of  turpentine,  and  a  piece 
^  copal  the  size  of  a  large  walnut  being  reduced  to  coarse 
P^>wder,  and  put  into  it,  in  a  tin  bottle  capable  of  holding 
two  quarts,  having  a  long  neck,  mth  a  cork  fitted  to  the 
''^uth,  in  which  there  is  a  notch  or  snmll  hole  to  allow 
^>  the  escape  of  the  vapour  when  the  oil  is  volatilized  by 
neat.  The  heat  is  applied  so  as  to  make  the  oil  boil  quick- 
7i  and  it  is  Icept  boiling  geiuly  for  about  an  hour,  when 


•  Nicholson'^s  Journal,  8vo,  vol.  i.  p.  -5f). 
\  Ibid.  vol.  ix.  p.  157. 
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10  mucli  of  tlie  copnl  wilt  be  (dissolved  as  to  foini  a  pn>- 
pcT  vamifth.  Mr  Shdilrake  likewise  found,  tliat  copal 
miglii  be  dissolved  in  oil  of  turpeniiiie  by  ihe  mediutn  of 
Afrmonia  '  -,  but  he  prefers  tlie  camphor.  Spirit  varnishes 
have  the  aiivamage  orev  oil  vamishes,  of  drying  more 
Speedily,  but  they  are  liable  to  split,  and  tcale  off.  The 
atkobol  used  requires  to  be  highly  rectified:  the  TVtins 
usually  employed  are  mastich,  sandatach)  lac,  anil  copal  -, 
and  some  of  thcxe  are  fTcqueiitly  mixed.  A  colouiles.-i 
varnish  is  obtained)  by  diaKolving  ina«ticb  or  sandaravlt 
either  alone  or  miied  in  alkohol  j  a  portion  of  turpentine 
dicing  often  added,  to  render  the  varnish  less  brittle.  Tlie 
solution  of  copal,  however,  is  preferable,  as  being  pcrfoct- 
ly  colourless ;  but  there  is  with  regard  to  it  thevam^iiilE- 
cultjr  of  dissolving  it  in  alkohol  els  in  essential  oil*)  soil 
toprotnote  its  solution,  camphor  is  in  this  case  also  the 
best  medium.  The  recipe  for  [his  vnntisih  has  been  thuw 
given  by  Mr  Sheldrake :  **  Dissolve  half  an  ounce  of  cam- 
phor in  a  pint  of  alkohol  i  put  it  in  a  circulating  glass,  and 
add  four  ounces  of  copal  in  small  pieces  -,  set  it  in  a  sand 
heal,  so  regulated,  that  the  bubbles  mar  be  counted  as  thoy 
rise  from  the  bottom  ■,  and  continue  the  same  heat  till  the 
solution  is  ctmipleted  f."  Lac  forms  a  varnish  which  is 
alwnya  coloured^  and  is  hence  used  only  in  those  cases 
where  the  colour  is  of  no  importance,  or  is  even  of  advan- 
tage,  as  in  lackering  brass,  or  in  laying  on  a  coloured 
ground.  Amber  is  sometimes  used  with  a  similar  view. 
A  liumber  of  recipes  for  approved  varnishes  and  lacquers, 


'  Nicholson's  Journal,  8»o,  voj.  in,  p.  iM . 
f  Ibid.  4to.  Tul.  iii.  p.  4V7. 
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are  giTen  undei  the  article  Va&scii H|  in  Aikia^s  Chemical 
Dictionary. . 

From  the  combination  of  lac  with  wbsd  if  named  Ve« 
nice  Turpentine,  sealing  wax  is  formed*  Pour  parts  of  lac 
are  said  to  be  melted  with  two  of  turpentine,  and  two  of 
retin ;  and  the  compodtion  is  coloured  red  by  the  addition 
of  one  part  of  chmabar  and  one  of  red  leadi  or  black,  by 
ihe  addition  of  lamp-black. 


TiflEB  exists  in  many  tegetables^  a  natural  and  intimate 
rambinadosi  of  resin  with  gmtty  fiorming  what  has  been 
namtd  Oo^  Rbsini  and  which  som^  have  classed  as  a 
dittfaict  proximate  principle*.  The  proximate  principlesof 
▼egefables9  however,  are  those  substances  formed  imme* 
diatdy  from  the  combination  of  the  ultimate  elements } 
they  are  specific  and  determinate  in  their  composition ; 
and  native  mixtures,  or  combinations  of  them  with  each 
other,  cannot  be  placed  as  distinct  principles,  though  such 
sobetances  may  be  entitled  to  notice,  as  articles  of  natural 
history,  or  as  of  importance  in  medicine  or  the  arts. 

A  ntimber  of  medicinal  substances  are  gum  resins,— 
todi  are  aloes,  ammoniac,  assafoetida,  euphorbium,  galba- 
fium,  gamboge,  myrrh,  sagapenum,  and  scammony.  They 
are  all  solVd,  generally  brittle  and  opaque  ;  they  have  fre- 
^•ettiy  a  strong  smell,  and  a  pungent  or  bitter  taste.  They 
appear  to  consist  of  various  proportions  of  resin  and  gum  | 
the  gummy  matter  predominating  in  some,  as  in  aloes ; 
the  resinous  in  others,  as  in  myrrh.  Their  properties  are 
derived  from  those  of  the  t\tro  immediate  principles  of 
which  they  consist.     Tlius  they  are  ciily  partially  soluble 
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in  alkcihol  ot  in  water;  ttie  fonner  dissoWiog 
itie  resin,  ttic  latter  principally  the  gum  :  but  in  each  cu^  -, 
part  of  the  one  principle  appears  also  to  be  dUsolrad  b~^y 
the  medium  of  the  other  -,  probably  in  consequence  iw  i 
their  matual  affinity.  They  are  abnosc  all  entirely  soIi^b.- 
ble  in  diluted  atlcohol)  consisting  of  equal  pans  of  alLob^^al 
and  water  ;  and  many  of  the  tinctures  of  the  shc^s,  aie  ti—M 
tucions  of  this  kind.  Dy  trituration  with  water,  they  g^r-- 
ncrally  form  milky  mixtures ;  the  resin  being  sutpeadc^ 
by  the  medium  of  the  gum :  atid  on  standing,  ^  grcMpa*^ 
of  the  reain  is  deposited.  According  to  Hatchet's  experi— 
nients,  these  aubstancea,  at  least  those  of  them  which  tv^ 
tried,  are  soluble  in  alWaline  liquors :  the  changes  they  siLf' 
fer  from  the  acids,  are  not  precisely  the  same  as  the  r^^' 
Bins  ;  they  are  decomposed,  but  ihey  appear  to  be  less  nt^" 
cepuble  of  afibrding  artificial  tannin  ;  a  number  of  tbo^Tk 
not  affording  it  from  the  action  either  of  sulphuric  or  r«i~ 
trie  acid,  and  others  giving  only  small  quantities.  11»±s 
is  probably  owing  to  the  predominance  of  gum,  or  of  ^ 
inaEter  analogous  to  it,  in  their  composition  -,  as  thi«  prbct- 
ciple  appears  from  Hatchet's  experiments  to  be  leis  o^t^' 
ly  convenibje  into  tannin  than  resin  is  :  it  aSbrda  rattft^' 
oxalic  acid  :  and  Fourcroy  has  remarked,  that  thi«  acid  ** 
|u:oduced  by  die  action  of  nitric  acid  on  gum  resim. 

The  gum  resins  are  not  fusible,  but  when  heated  sv^' 
en,  and,  if  the  heat  is  raised  suCGciently  high,  are  deco^V- 
posed.  It  has  been  observed,  that  in  destructive  dittiLl^' 
tion  they  afford  ammonia,  with  the  usual  products  of  ^^ 
getable  matter. 

The  consideration  of  the  different  gum  resins,  belong 
rather  to  materia  medica  or  pharmacy,  than  to  chemistrT' 
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Tlie  mediciiud  powers  of  many  vegeCables^  appear  to  de» 
pend  on  such  combinations. 


.  GuAiACy  a  substance  obtained  by  spontaneous  exudation 
fvom  the  Cuaiacum  officinale,  has  been  usually  consider- 
ed at  a  gum  resin,  containing  a  large  proportion  of  resin. 
From  Mr  Brande's  experiments  *f  however,  it  appears  to 
poisess  some  chemical  ptoperties,  indicating  a  p^culiafity 
of  composition,  different  from  tl^at  either  of  resin,  gum 
KSin,  or  any  of  the  analogous  vegetable  principles. 

Guaiai;  is  concrete,  brittle^  and  resinous  in  its  appear- 
9Dtit  I  it  is  of  a  grey  colour,  but  has  externally  a  greenish 
colour  *f  tlus  it  assumes  from  the  action  of  the  air :  for  its 
powder,  which  is  at  first  grey,  gradually  becomes  greeu- 
ish,  from  exposure :  it  also  assumes  the  same  colour  when 
confined  in  oxygen  gas :  and  this  property  of  changing  its 
colour,  b  one  character  which  discriminates  it  from  the 
resins.'  When  digested  in  distilled  water  with  a  mode- 
rate heat,  a  small  portion  is  dissolved,  which,  from  Mr 
Brande's  experiments,  appears  to  be  extractive  matter, 
with  a  little  lime.  Alkohol  dissolves  it  with  facility,  leav- 
ing a  little  foreign  matter,  not  exceeding  5  parts  in  100, 
undissolved.  This  solution  is  rendered  milky  by  water  ; 
and  it  is  decomposed  by  different  acids,  with  phenomena 
that  are  peculiar.  Muriatic  acid  throws  down  an  ash- co- 
loured precipitate :  Liquid  oxymuriatic  acid,  one  of  a  very 
beautiful  p^kle  blue.  Sulphuric  acid,  when  not  added  in 
too  large  a  quantity,  separates  the  resin  of  a  pale  green 


*  Philofophical  Tracsactioni;  1806. 


Tlw  cfaonps  «f  coloar  ■ 

I  Vtih  ckingn  of  tnygentzaaeiit,  ro  vhtcb  ilut  |MilKi|'^ 
i  ■HIM  liable,  and  wbidi  at*  unrin)  in  ii  bjr  c 


'file  »ei<I»  in  directly  acting  on  gnaisc,  likewMa 
tomm  peculiar  phenomnn.  Mnriattc  acid  ditxrim  i  imiX 
ponion,  the  sohKion  assumtng  a  deep  brawO  t^oat:  bnc 
tf  heat  he  applied,  ihe  resin  mdta,  and  this  pFefCOti  it* 
Htthtt  nlution.     Sulphuric  a,c\A  forans  with  it  adeeprrd 
tiqaid,  which,  when  fresh  prepared,  deposites  a  tilaccv- 
lovred  precipitate  on  the  addition  of  water :  if  heatbrap- 
pliad,  the  reain  ii  decomposed  and  charred.     Kitric  kmI 
•itrfU  tt  more  powerful  action  on  guaiac,  than  on  any  ^ 
tht  miiu  t  even  in  the  cold  the  powder  assumei  ■  i"^ 
grain  colour :  there  it  a  violent  effervescence  from  ^ 
•miuien  of  nitric  oxiile  gas,  and  the  whole  is  disiolTe^ 
'Iltia  inlutlon,  when  recent,  gives  a  brown  precipitate  vHh 
die  iilknlii  I  after  it  has  stood  for  some  hourg  undisturbed* 
It  ilrpoiilot  a  considerable  i{uantiiyof oxalic  acid.    'WbtO      , 
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the  guaiac  is  treated  with  diluted  nitric  acid,  the  results 
lire  difierent ;  a  slight  eSenrescence  takes  place,  part  of 
the  reun  is  dissolfedi  and  the  remainder  is  converted  ii>- 
^  a  brown  substance,  resembling  the  precipitate  from  the 
•olation  in  alkohol.    This  brown  substance,  Mr  Brande 
>ttppo9eS|  is  guaiac  altered  hj  oxygen^  being  the  last  re- 
sult of  the  oxygenizement  of  the  guaiac.     It  possesses  the 
properties  of  resin  in  greater  perfection  than  the  original, 
'<  soluble  in  alkohol,  and  in  ether,  which  guaiac  is  very 
'Jttringly ;  it  is  also  insoluble  in  water.     If  fresh  portions 
^  nitric  acid  be  added  to  it  three  or  four  times  successive* 
Iff  it  loses  these  propetties;  becomes  equally  soluble  in  wa-* 
^    mad  alkohol,  and  acquires  an  astringent  bitter  taste, 
M'tvi^iDg  probably  one  of  the  varieties  of  artificial  tannin. 

^^vaiac  is  sduble  in  the  pure  alkalis,  and  in  the  alkaline 
c^'t>onates,  forming  greenish  brown  liquids.  From  the 
solw^nt  powers  which  they  thus  exert  on  it,  they  do  not 
P^^ipitate  it  from  its  solution  in  alkohol. 

Si^bjected  to  destructive  distillation,  it  gave  an  acidu- 
!ate<l  water,  a  thick  brown  oil,  a  thin  empyreumatic  oil  ( 
^^'^^^oal  remaining  in  the  retort,  and  gases  consisting  chtefN 
^7  ^^  carbonic  acid  and  carburected  hydrogen  being  extifi- 
^^«1«  The  charcoal  amounted  to  30.5  grains  from  100, 
*^   ^^ielded,  on  incineration,  S  grains  of  lime. 

^^  follows,  from  this  account  of  the  properties  of  guaiac, 

^^  although  it  possesses  many  properties  in  common  with 

t'^'^Ons  bodies,  it  differs  from  them  in  others :  particular* 

^T.^  affording  extractive  matter;  io  the  singular  alterations 

^vtach  it  suffers  when  subjected  to  the  action  of  bodies 

^^  readily  tommunicate  oxygen  ;  in  being  capable,  by 

^Tgenizemeaty  of  being  converted  into  a  more  perfect  re* 


nn ;  in  yielding  oxalic  acid,  when  trcuted  by  nitric  ai 
and  in  the  lar^e  quaniiiy  of  charcoal  and  jimc  whkh 
yields  on  destructive  diiliUation,— dilfcr«ncfs  which,  U 
the  chemist  who  lias  investigated  these  properiicH  remarks, 
probably  ari^e  from  ci'Ttain  peculiarities  in  the  praponionit 
and  chemical  combination  of  its  cunadluem  elemetitar^r 
principles. 


Tkb  substances  which  have  been  named  Balsaus, 
sUt  princtpally  of  resin,  with  which  are  uiiired  a  cjuamity 
of  the  peculiar  vegetable  acid  named  Benzoic,  and  in  some 
of  them  a  portion  of  essential  oil.  'fhf  same  remark  ap- 
plies to  them  as  to  the  gum  resins,— th;it  they  cannot  pro- 
perly be  regarded  as  consiitutinf;  a  distinct  pruKimatc  prin- 
ciple of  vegetables,  &ince  they  are  rather  a  mixture  or  com- 
bin.ilion  of  other  known  principh's.  Some  chcinisis  indeed 
have  supposed,  that  the  benzoic  acid  which  they  afford 
does  not  previously  exist  in  them,  but  is  formed  in  tlic 
prcxets  by  which  it  is  extracted.  'I'his  opinion  was  ad- 
vanced by  Gren,  and  appears-to  be  adopted  by  Mr  Hat- 
chet, from  his  experiments  on  its  production,  when  the 
balsams  are  acted  on  by  sulphuric  acid.  But  the  vaiiou» 
processes  by  which  it  is  procured,  are  unfavourable  to  this 
opinion.  It  is  separated  from  the  balsams  by  the  applica- 
tion of  heat,  by  boiling  or  eveO  macerating  them  with  wa- 
ter, or  with  alkaline  solutions,  or  digesting  them  witb 
acids ;  and  it  is  not  very  probable,  that  agents  so  very  dif- 
ferent in  their  chemical  actiong,  should,  in  this  partirutar 
instance,  give  rise  to  the  formation  of  precisely  the  same 
product.     The  action  of  some  of  them  too,  appears  not 
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ittffic'iently  energetic,  to  be  capable  of  producing  such  an 
eflPect.  The  heat  that  requires  to  be  applied  to  volatilize 
the  acid  from  the  balsam$>  is  extremely  moderate  ;  and  we 
hare  no  example  in  which  water,  by  any  affinity  it  exerts, 
causes  the  formation  of  a  new  principle.  It  appears  there- 
fore  more  probable,  that  this  acid  pre-exists  in  the  baU 
tarns,  and  that  it  is  extracted,  not  formed,  by  the  processes 
hj  which  it  is  obtained  :  that  of  course  they  do  not  ^con- 
stitute an  immediate  principle  of  vegetable  matter,  but  are 
ccQibinations  of  others. 

llieir  chemical  properties  are  derived  from  the  princi- 
ples of  which  they  consist :  when  exposed  to  heat,  the^ 
melt  like  the  resins,  and  at  the  same  time  exhale  a  fragrant 
and  acrid  vapour,  which  is  the  benzoic  acid,  and  which 
condenses  in  needle-like  crystals.  If  heated  more  strong-^ 
lyi  a  portion  of  oily  matter  is  volatilized :  subjected  to 
<iestructive  distillation,  they  afford,  besides  benzoic  acid, 
products  similar  to  those  from  the  resins :  when  heated  in 
the  open  air,  they  inflame. 

They  are  insoluble  in  water;  but  by  digestion  with  it, 
3  portion  of  benzoic  acid  is  dissolved,  which,  as  was  dis- 
covered by  GeoflFroy,  may  be  obtained,  by  evaporation 
and  cooling,  crystallized.  According  to  Fourcroy,  their 
powder,  when  mixed  with  the  vegetable  colours  diffused 
in  water,  reddens  them, — 2^  proof  of  the  presence  of  free 
>cid.  When  distilled  with  water,  a  small  quantify  of  es- 
lential  oil  is  obtained  from  the  greater  number  of  them. 

They  are  perfectly  soluble  in  alkoho^  any  impurities  ex- 
cepted ;  and  the  solution  is  decomposed  by  the  affusion  of 
Water,  the  resinous  matter  being  precipitated.  It  is  also 
decomposed  by  some  of  the  acids.     They  arc  likewise  so- 
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lublun  ethc;,  ind  in  the  volatile  oUt,  and  are  softtneii 

tltc  action  of  camphor. 
iVhe  action  of  the  alkalis  on  the  balsams,  is  ttitniiu  to 

iheir  action  on  the  tesini,— dissolving  ihem  and  forining 
I,  brown  tolulions.      The  alkali  at  the  same  time  combtDes 

'  with  the  benzoic  acid ;  and  if  the  Mluiion  has  been  dilute, 

I  '  BO  as  to  prevent  the  solution  of  the  resinous  matter,  the 

li  filtrated  liquid  hasnot  much  colour,  and  on  saturating  the 

j,  alkali  with  an  acid,  benzoic  acid  is  obtained.    The  action 

j  of  lime,  by  the  medium  of  water,  is  simiUr. 

I    -  The  stronger  acids,  particularly  the  sulphuric  and  nitric, 

I  wheti  digested  on  the  balsams,  caused,  in  Mr  Hatchet's 

esperimentsi  a  formation  of  tannin,*  in  the  same  imuincr 
i  at  these  acids  do  from  the  resins.  There  was  also,  in  some 

bciKS,  a  formation  of  prussic  acid  ;  and  benzoic  acid  waB 
always  obtained  by  sublimation  or  distillation  from  tho 
mixture.  This  acid,  it  will  afterwards  appear,  is  not  de- 
-  composed  by  sulphuric  or  nitric  acids ;  and  hence  its  ap* 
peftrance  in  this  process,  supposing  it  to  pre-eiist  in  the 
balnms.  Acetic  acid  when  heated,  dissolves  some  of  the 
balsams,  as  benzoin,  as  Mr  Brande  found  in  hts  expert- 
metits  on  this  substance  *  :  it  retains  the  resin  in  aolutitm, 
but  as  it  cotris,  allows  the  benzoic  acid  to  precipitate. 

All  the  balsams  are  odorous,  and  pungent.  Some  of 
iheiD,  as  benzoin,  are  sc4id ;  others  are  fluid,  but  thick  ; 
and  thes^  by  age  likewise  become  solid :  diey  exude  from 
the  vegetables  which  produce  ihem,  either  spontancotisly 
or  from  incisions  made  in  the  bark.  The  principal  sub- 
st.tTKes  of  this  class,  are  Opobalsam,  or  Balsam  of  Gilead^ 


'  Ntchuliuii's  Jtiuroal,  vol.  x.  p.  83. 
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the  produce  of  the  Amyris'gileadensiS)  Babam  of  Peru 
from  the  Mjrroxolon  peruiferum ;  Balsam  of  Tolut  from 
the  Toloifera  balsamum ;  Benzoiilf  from  the  St]rnu(  ben« 
xointtm  i  and  Storax,  from  the  Styrax  officinale.  They 
9re  uaed  sometimes  in  the  practice  of  medicine,  and  their 
indiTiduai  history  belongs  to  the  materia  medica.  Theit 
chemical  properties  are  very  neorty  the  same. 


SECT-  XIII. 


.^9  EXTRACT,  OR  EXTRACTIVE  MATTER. 

0 

The  name  of  Extract  has,  in  the  language  of  pharma- 
cy, been  appropriated  to  a  preparation  in  v^hich  vegetable 
juices,  or  the  watery  decoctions  of  vegetable  substances, 
mre  reduced  by  evaporation  to  a  thick  consistence.  From 
the  nature  of  this  process,  it  is  evident,  that  the  product 
may  consist  of  different  principles,  of  gum,  sugar,  tannio, 
saline  matter,  and  indeed  of  all  those  soluble  in  water^ 
and  that,  as  obtained  from  different  plants,  it  may  be  very 
different.  Preparations  of  this  kind  being  much  used  in 
the  medical  practice  of  France,  have  always  engaged  the 
attention  of  the  French  chemists,  and  they  were  accustom- 
ed to  arrange  them  under  certain  divisions.  Thus,  Rouelle 
^Gstinguished  three  principal  kii>ds}  what  he  ftamed  Mu- 
cilaginous extracts,  soluble  in  water,  in  which  gum,  or 
mucilage  predominates  ;  Resinous  extracts,  in  which  the 
properties  denote  the  presence  of  reSin,  and  which  are 
hence  more  especially  soluble  in  alkohoU  and  Saponaceous 
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exfT»cis,  which  are  soluble  botfi  in  water  and  a 
diffcrsnt  view  has  be«n  since  taken  of  this  subject :  it  lui 
been  supposed,  that  though  in  these  preparations  thm 
may  be  an  intennixtvre  of  principles,  yet  there  is  f 
which  forms  their  basis,  and  which  constitutes  a  p 
vfgeubte  principle,  distinct  from  any  oth«r.  It  isTO'd 
note  this  (h3t  the  name  Bxtract,  or  Extnciivc  Matte 
now  applied. 

This  view  of  the  nature  of  this  piiticiple  has  been  piin- 
cipally  given  by  Foorcroy  and  Vauqueiin,  in  the  cour*e  of 
th«iT  analysis  of  different  vegetables :  by  the  fomer  par- 
licularly,  in  his  analysis  of  the  cinchona  of  St  DooitngD*! 
and  by  the  latter,  in  his  analysis  of  the  sap  of  regetabldf  • 
and  it  is  from  their  researches,  that  the  history  of  th'S 
prtnciple  is  chic&y  to  be  derived.  Hemibstaedt  has  abo 
■taied  some  facts  with  regard  to  it.  There  is  still,  how- 
ever,  as  I  Bh^ill  have  to  remark  ia  concluding  its  history, 
a  considerable  degree  of  obscurity  and  doubt  as  to  the  o** 
ture  of  this  matter ;  whether  it  can  properly  be  regarM 
as  a  well-defined  proximate  principle,  uniform  in  its  com> 
position  and  properties ;  or  whether  it  may  not  be  a  mix- 
ture or  combination  of  some  of  the  other  known  prino- 
ples  of  plants.  The  term  Extract,  which  has  been  af^li(4- 
10  it  considering  it  as  a  distinct  principle,  is  amb^uonv 
from  the  other  signifiraiion  which  has  been  attached  loib 
and  under  which,  in  the  language  of  pharmacy,  it  it  itiB 
understood.  Were  the  existence  of  this  principle  Iii0| 
established,  the  name  of  Extractin  might  perhaps  be  gimi 
to  it,  and  would  be  free  from  all  ambiguity. 


-   Annalca  de  ChiTni,-,  lom.  viii.   <;:  i, 
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Extractive  matteri  according  to  Fourcroy,  exists  in  dif- 
ferent parts  of  plantSi  but  more  particularly  in  the  green 
and  brown  solid  parts»  as  in  the  leaves^  bark,  and  wood  : 
it  is  also  often  naturally  dissolved  in  their  juices.     When 
it  exists  in  the  solid  partSj  it  is  best  obtained  by  boiling 
the  solid  matter  repeatedly  in  water,  and  evaporating  the 
strained  decoction :  when  dissolved  in  the  juice,  it  is  ob- 
tained by  evaporating  this  to  a  solid  formi  by  a  gentle  heat. 
In  either  case,  however,  it  is  obvious,  that  it  may,  and  in- 
deed generally  will  be,  mixed  with  other  principles :  there 
it  no  process  by  which  these  can  be  separated,  so  that  we 
ve  certam  of  obtaining  it  pure  :  and  hence  its  properties 
are  rather  discovered,  either  from  examining  it  as  afforded 
by  some  vegetables  with  little  intermixture,  or  from  the 
rfects  re-agents  produce  upon  the  juices  or  decoctions 
containing  it,  and  which  cannot  be  supposed  to  arise  from 
the  operation  of  these  on  other  known  principles. 

Extractive  matter  is  soluble  in  water,  but  it  gradually 
becomes  insoluble  from  exposure  to  the  air.  According 
to  Vanquelin,  the  juices  which  naturally  contain  it,  are  co- 
looriess  as  they  issue  from  the  plant,  but  they  soon  assume 
a  yellow  or  brown  colour,  from  the  action  of  the  air  and 
'fht.  If  evaporated,  a  brown  or  reddish  pellicle  forms  on 
^r  surface,  which  breaks  and  subsides,  the  dissolved  mat- 
^  bectykning  insoluble ;  and  when  the  whole  is  reduced 
^]  cvapora^on  to  a  thick  consistence,  on  attempting  to 
dissohre  this  in  water,  a  portion  always  remains  undissolv- 
c<l' '  Fourcroy  has  observed  too,  that  if  the  decoction  of  a 

• 

vegetable  which  affords  extract,  be  filtered,  so  as  to  be  per- 
fectly transparent,  by  merely  continuing  the  decoction,  it 
becomes  turbid,  and  a  great  pare  of  it  is  precipitated  from 
Vot.  IV.  R 


the  water,  in  a  Mate  in  which  it  is  no  longer  soluMf  ; 
longCT  the  boiling  is  continued,  and  the  more  {ne\j  tbsfi 
quor  i»  exposed  to  the  air,  the  more  insoluble  matrer,  b 
adds,  U  formed  ;  and  by  continuing  the  succesure  solift 
ttons  and  evaporations,  the  whole  of  the  s<^uble  ei>tnKt 
may  be  brought  into  this  Gtale. 

This  change  he  ascribes  to  the  absorpuon  of  oxfgtti 
and  this  is  one  principal  property  cbar:icteriilic  of  this  pri&> 
ciplc, — that  ii  is  soluble  in  water,  but  when  in  solutifiOi^ 
and  it  a  high  temperature,  ii  absorbs  oxygon  and  bccomti 
insoluble,  and  at  the  same  linic  comparatively  insipid  Vti 
inert.  The  injury  which  many  medicinal  plants  tusttiB 
from  boiling,  has  been  ascribed  by  Fourcroy  to  this  cauK,  I 
and  not  to  the  dissipation  of  any  active  volatile  prinL't^ 
iiit  hail  formerly  been  Supposed  }  and  indeed  from  ttOttf' 
of  them  which  are  injured  by  this  operation,  no  sod)  pits* 
tipic  can  be  obtained,  wfu-n  ihe  operalion  is  perforoit^if 
as  to  coli^ci  tltiC  producis. 

Theodore  Saussure  has  observed,  that  Fourcroy,  in  > 
cribtng  these  changes  to  oxygenizement,  does  not  »fil 
that  he  had  submitted  the  insoluble  matter  to  analysis, 
the  air,  in  contact  with  which  the  liquid  had  been  boV 
to  any  eudiometric  trial.     lie  therefore  placed,  under 
lies  full  of  atmospheric  air,  and  closed  by  (luickiilveft 
Bules  containing  solutions  of  the  extractive  matter  0 
chona,  oak  wood,  and  different  moulds  :  after  some 
he  foundi  precipitates  had  forvicd  in  these  solution 
the  air  had,  at  the  same  time,  suffered  a  small  dim' 
ef  volume.     Submitted  to  eudiometric   examina' 
vas  found  tP  have  lost  its  oxygen,  which  was  legl 
•  tHantity  of  carbonic  acid  gas,  not  equal  in  vo 
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tht  axf  gen  that  I^ad  been  consupied^  part  of  this  acid  ha- 
Ting  been  absorbed  by  the  water  of  the  soli^tjoii^ ;  hence^ 
wbep  previously  saturated  with  carbpnic  acid  gas^  the 
quantity  of  carbonic  acid  fon^ed  under  their  exposure  to 
atmospheric  w»  was  es^ly  equal  to  tbe  quantity  of  ip;^y- 
gen  chat  4i»ftppeared.  He  fqither  fp}xn4  reasoa  to  con- 
dnde^  that  in  thus  Ipsin^  part  of  jthei^  carbcHi,  by  thie  ac« 
tkm  of  QXjgen$  tbfij  lose  still  more  pf  their  oxygen  and 
)iydcege9j  by  these  principles  entering  into  Iwary  combi- 
nations 9Qd  fornwj9g  waiter,  ^94  tha(  t^e  residu;|l  inso- 
IttUe  matter  has  m  enlai^ged  proport^oQ  of  carl^n,  ^d 
is  not  mcrelyt  as  FouriQiPy  hja4  iDferre49  extract  ozyge- 
sized*. 

.  Exiraciive  matter  i^  sol.ub^  in  alkohol,  as  is  evident 
fsam  its  being  abs^a^cted  by  this  fli^id  from  vegetable  mat- 
UTi  id  which  it  eyjsts ;  aod  this  $pl|ition  is  not  decon^pps- 
(d  by  the  affuuon  x>f  wa^r*  This  property  of  equal  so- 
Isbiittyia  wa^r  ^nd  in  alkohol  is  very  well  shown  in  some 
i^egetaUeSf  as,  for  example,  in  saffron,  which  yields  a  large 
portion  of  matter  to  both  these  fluids,  the  solution  in  either 
iiot  being  altered  by  the  addition  of  the  other.  This  may 
^bcttfofe  be  regarded  as  another  characteristic  property  of 
^ictnict,  and  as  serving  to  distinguish  it  from  gum,  resin^ 
cr  any  mixture  or  combination  of  these  i  gum  being  solu- 
ble in  water,  and  not  in  alkohol, — resin  in  alkohol,  not  in 
^f^^*  Gum  resin  is  indeed  partly  soluble  in  either  of 
^■ese  fluids,  but  it  never  is  entirely  so ;  since,  if  it  contain 
io  Qmdi  gum  as  to  hfi  soluble  in  water,  it  is  very  partially 
^'^ved  by  alkohol  i  or,  if  it  contain  so  much  resin  as  to 


•  Recherchet  sur  la  VegetatioD,  p.  136. 
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be  soluble  in  alkohol)  if  is  then  imperfectly  dissolred  hj 
water.  And  if  a  gum  resin  be  digested  cither  with  water 
or  alkohol  alone,  the  soluiion  it  afibrds  with  the  one  fluid 
is  decomposed  by  the  other. 

According  to  some  chemists,  extnctive  matter  is  insolu- 
ble in  ether.  This,  if  the  observation  be  just,  would  af- 
ford a  very  characteristic  property  of  this  principle.  I  have 
found,  however,  that  sulphuric  ether  dissoVes  the  colow 
ing  matter  of  safTron,  which  Hcrmbstacdt  gives  as  an  ex- 
ample of  pure  extract,  and  which  appears  to  be  so. 

Oxymuriatic  acid,  poured  into  a  solution  of  extractive 
BtKter,  converts  it  immediately  into  a  concrete  substance 
of  a  deep  yellow  colour,  insoluble  in  water,  but  soluble 
la  atkohol,  and  in  the  alkalis  *.  If  cloth  be  steeped  in 
oxymuriatic  acid,  and  then  immersed  in  a  solution  of  ex- 
Inct,  the  oxygen  is  transferred  from  the  acid  to  the  ex- 
tract, whidr  is  then  deposited  on  the  cloth,  and  adheres 
to  the  vegetable  fibre.  It  was  by  the  action  of  oxymuri- 
atic  acid,  that  Vauquelin  precipitated  the  extractive  mat- 
ter from  the  vegetable  juices  which  he  examined. 

This  principle  has  an  attraction  to  argil,  and  to  metal- 
lic oxides,  as  appears  from  Vauquelin's  experiments.  If  to 
a  solntion  of  it  in  water  there  be  added  a  sohition  of  aluui 
of  which  the  excess  of  acid  has  been  previously  saturated, 
on  boiling  them  for  a  short  time,  an  abundant  flocculent 
.  precipitate  is  formed,  composed  of  the  extract  in  combin- 
ation with  the  argil  of  the  alum  ;  and  the  solution  at  the 
same  time  is  nearly  deprived  of  its  colour.  If  cotton  ot 
thread  impregnated  with  a  solution  of  alum,  be  maceiat- 


*  FouTcroy,  AudiUs  de  Chimie,  torn.  vi.  p. 
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ed  in  a  solatlon  of  extracti  and  boiled  in  It,  the  vegetable 
fibre  becomes  tinged  of  a  yellowish  brown  coloufi  from 
die  eztractiTe  matter  being  fixed  in  it  by  the  medium  of 
die  alum ;  and  in  this  way  the  solution  may  at  length  be 
deprived  of  nearly  all  its  dissolved  matter}  and  the  cloth 
dyed.  '  Many  o^  the  metallic  salts  have  a  similar  effect. 
The  solution  of  muriate  of  tin,  in  particular,  forms  in  the 
solution  of  extract  a  very  abundant  flaky  precipitate,  of  a 
brown  colour,  consisting  of  this  principle,  more  or  less 
oxygenized,  in  combination  with  the  oxide  of  tin. 

Extractive  matter,  in  a  humid  state,  gradually  suffers 
decomposition.  When  its  watery  solution  is  kept  for  some 
time,  it  becomes  turbid,  deposites  abundant  mucous  flakes^ 
becomet  mouldy  at  the  surface,  yields  ammonia,  and,  when 
tbe  putrefaction  is  complete,  leaves,  as  the  fixed  productSf 
carbonates  of  potassa  and  lin^e. 

When  subjected  to  destructive  distillaripn,  it  affords  an 
add  in  part  saturated  with  ammonia. 

Such  are  the  characters  assigned  to  this  principle  ;  the 
most  distinctive  of  which  are,  its  equal  solubility  in  water 
and  alkobol)  its  susceptibility  of  oxygenizeqient,  and  form- 
ing, when  it  has  undergone  that  change,  an  insoluble  mat-r 
ter,  approaching  to  the  nature  of  resin  ;  and  its  affinity 
for  a'rgil  and  metallic  oxides.  It  is  afforded  by  many  ve- 
getables, and  in  very  different  quantities,  and  perhaps  also 
of  variable  purit j.  Saffron  has  been  giyen  as  an  example 
of  a  vegetable  matter  containing  a  large  proportion  of  it^ 
and  that  nearly  pure ;  16  ounces  of  it  affording,  it  is  sta- 
ted, 10  ounces  of  extract,  the  remaining  parts  being  priur 
cipally  ligneous  fibre.  Oiher  medicinal  plants  contain  it, 
and  the  efficacy  of  many  of  their  infusions  and  tincturei^ 
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Jim  been  supposed  to  depend  on  it.  Valerian  ts  si 
afford  it  in  as  Utge  a  quamily  39  satlron.  It  eiijIG  in  gen- 
tiaiii  scnnat  ipcc»cuan,  and  a  number  of  leaves  and  roots. 
Opium  andPetuvian  bark  contiina  principle  Which  bo  fir 
hii  the  characters  of  extract,  that  it  is  prtcipiiated  and  ren- 
itnA  inert  when  boiled  in  water,  with  tjie  contact  of  (hf 
iir.  h  is  contained  also  very  generally  in  the  juices  of 
plants,  obtained  either  from  incisions  of  the  growing  plant, 
dr  from  esprejiioii  of  their  succulent  parts. 

■I  must  obserre,  hoiwever,  that  the  characters  of  this  priti- 
etple,  as  obtained  from  diiferent  VegeUWea,  are  by  ns 
means  uniform,  and  that  somtfiimes  it  apprt^aches  in  it* 
properties  to  other  known  principles.  Thus,  the  acti« 
Aiaiter  of  Peruvian  bark  has  one  of  (he  characters  of  «■ 
tract,  that  of  absofbing  oxygen  when  in  a  humid  state,  or 
when  boiled  in  water.  But  a(  the  same  time  it  approadtd  ,] 
in  other  characters  to  a  resin,  as  It  is  more  soluble  in 
alkohol  tiian  in  water.  The  case  is  the  same  with  thc«- 
thutive  matter  of  opium,  while,  in  other  vegetables,  ibe 
inverse  sometimes  obtains  i  thus,  the  extractive  matter  0' 
gentian  appears  to  be  more  soluble,  in  water  than  in  ilk^ 
hoi.  i 

Nor  are  the  characters  which  hare  been  assigned  to  thi* 
principle  so  distinctive,  but  that  perhaps  rfiey  may  be  pf^" 
sehtcd  by  other  Togeuble  principles  in  certain  states©* 
mixture  or  combination  ;  and  it  is  in  such  states  that  it  h'* 
usually  been  obtained.  Thus,  in  the  juices  of  plants  sui^ 
mitted  toexaminalionhy  Vauquelin,  and  in  which  the  c%' 
tractive  principle  is  supposed  to  be  contained,  he  alw^f* 
found  considerable  proportions  of  s.iline  matter,  partii:"' 
larly  of  free  acetic  ^cid,  nnd  of  the  :icetite>  of  poussa  m^ 
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iime.  These  might  ao  far  modify  the  principlefl  existing 
in  the  juicei  as  to  disguise  their  properties  ;  acetic  acidi 
for  example,  would  render  a  portion  of  resinous  matter 
sbhibie  in  water.  Hence  the  peculiar  properties  which  the 
regetaUe  matter  iti  these  juices  did  present  might  arise 
from  these  modifications,  and  not  from  the  presence  of  any 
peculiar  principle  to  which  they  belonged.  From  this,  the 
^lubility  in  water  of  principles  otherwise  not  soluble 
might  originate  ;  and  the  properties  of  absorbing  oxygen^ 
or  exerting  aflSnities  to  certain  earths  or  metallic  oxides, 
are  in  some  measure  possessed  by  various  vegetable  proxi- 
mate principles  ^  they  may  b^  exerted  more  readily  by 
them  in  such  a  state  of  intermixture,  and  can  scarcely, 
therefore,  be  regarded  as  distinctive  of  extract. 

From  these  considerations,  there  is  some  reason- to  doubt 
of  the  existence!  as  a  distinct  proximate  principle,  of  the 
matter  to  which  the  name  of  extract  has  been  given. 


The  Extracts  which  are  prepared  in  phtvrmacy,  either 
by  inspissating  expressed  vegetable  juices,  or  boiling  ve- 
getable matter  in  water,  and  evaporating  the  decoction  to 
a  thick  consistence,  are  various  in  their  composition. 
Those  prepared  by  the  latter  process  may  contain  muci- 
lage, sugar,  tannin,  and  a  portion  of  resin.  The  inspis- 
sated juices,  besides  these,  may  also  be  in  part  composed 
of  the  vegetable  acids,  and  of  other  saline  bodies  ;  and, 
from  analysis,  they  appear  always  4o  contain  acetiteS  of 
potassa,  lime,  and  ammonia,  often  free  acetic  acid,  and 
sometimes  sulphate  and  muriate  of  potassa,  and  sulphate 
of  iime.     Thv^  usually  redden  infusion  of  litmus,  exhalo 
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vapours  of  acetic  acid  when  acted  on  by  sulphuric  la^ 
and  give  a.  smell  of  ammonia  when  mixed  with  lime.  Ai 
obtained  from  different  plants,  these  preparations  ffliat 
Tary  in  thejr  compoEidon.  They  appear  also  to  be  liiM< 
to  decomposition  on  keeping ;  and  the  powers  of  the  tab- 
stances  from  which  tlicyare  prepared  are  often  injurrdby 
the  decoction  or  inspissAtlon  :  hence  they  are  now  little 
uaed  in  medical  practice. 


A  Nt'MDER  of  TCgetaWe  substances,  some  of  them  to*  I 
epissared  exuded  juices,  oihers  barks,  or  leaves,  hadw  " 
ceived  the  name  of  Astringents,  as  possessed  of  the  con*' 
nion  property  of  astringency,  characterized  by  the  poww 
of  corrugating  the  animal  fibre.  They  had  been,  from 
this  property,  employed  in  medicine ;  and  the  more  power- 
ful of  them  were  used  in  the  operation  of  tanning.  From 
some  chemical  phenomena  which  ihey  exhibit,  it  appea'' 
ed,  thai  they  contain  a  common  principle  to  which  thi* 
quality  is  owing  j  since,  even  where  it  exists  in  a  wry 
slight  degree,  it  is  capable  of  being  discovered  by  chen'' 
cal  tests.  If  to  the  watery  or  spiiitous  infusion  of  any  o* 
ihese  vegetable  astringents,  a  few  drops  of  the  solution"* 
the  sulphate,  or  any  of  the  other  salts  of  iron,  be  added,  ■ 
colour  is  produced  more  or  less  deep)  of  a  blue  or  pulp''' 
tinge,  approaching  sometimes  to  black.     In  those  itff- 
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taUes  which  hare  no'astringencyy  no  such  effect  is  pro« 
duced,  while^in  those  possessed  of  this  property i  the  deep- 
ness of  the  colour  is  in  some  measure  proportioned  to  the 
degree  in  which  it  belongs  to  them. 

It  appear^  to  follow,  from  these  facts,  that  the  proper- 
ty of  astringency  in  vegetables  must  depend  on  a  distinct 
principle,  contained  in  greater  or  less  quantity  in  the  dif-^ 
fcrent  astringents.,    The  investigation  of  this  accordingly 
engaged  the  attention  of  chemists.     The  Dijon  Academi- 
cians  observed,  that  the  astringent  principle  appeared  to 
have  some  of  the  properties'  of  an  acid  :  And  at  length 
Scheele  discovered,  that  an  acid  of  a  peculiar  nature  exists 
in  the  excrescence  which  forms  on  the  branches  of  the 
oak,  known  by  the  name  of  the  Gall  Nut,  which  is  one  of 
the  most  powerful  of  the  vegetable  astringents,  and  might 
be  obtained  from  it  perfectly  pure.    This  acid,  named  the 
(Gallic,  from  the  substance  from  which  it  is  extracted,  has 
the  property  of  giving  a  purple  colour  to  the  salts  of  iron : 
It  exists  in  all  the  powerful  astringents;  and  being  thus 
^Pparenxly  connected  with  the  property  of  astringency,  it 
^as  regarded  as  the  astringent  principle. 

To  this  conclusion,  however,  BerthoUet  many  years  ago 
^ated  some  very  valid  objections.  He  observed,  that  a 
Mlution  of  the  gallic  acid,  reduced  to  as  great  a  degree  of 
purity  as  possible,  added  to  a  solution  of  sulphate  of  iron, 
does  not  produce  any  black  colour  or  precipitate  immedi- 
ate|y,  but  only  by  degrees,  and  after  some  hours ;  while  a 
sinall  quantity  of  the  infusion  of  galls  instantly  produces 
a  much  more  intense  colour,  and  greater  opacity.  He 
fanher  found,  that  by  two  successive  decoctions  of  galls 
19  water,  the  acid  is  extracted  from  them,  so  that  the 


.  liquors  obliiiiicd  by  a  tliird  oT  fourilt  decoction  do  noi  led- 
d«n  litmus  paper,  nor  afTord  any  gallic  acid  by  evaporation, 
and  yet  they  stiU  precipitate  iron  copiou*ty  from  its  wlu- 
(ioiis.  There  were  eren  some  kimlj  of  g.ills,  those  of  a 
white  colour,  as  well  as  Bome  otJitr  strong  astringents,  as 
iumach,  or  waltiut<iree  bark,  which  contain  no  sensible 
<)U]intily  of  gallic  acid ;  yei  these  leadily  produce  the  blick 
colour.  And,  lastly,  the  pure  gallic  acid  has  no  sensible 
corrugating  ptiwer,  and  scarcely  any  e»en  of  the  peculiar 
iMringent  or  styptic  taste,  but  is  merely  sour  *. 

Theae  facts  appeared  to  lead  to  the  conclusion,  that  al- 
tlicntgh  the  gallic  acid  might  be  contained  in  the  vegetable 
dttringctits,  it  is  not  the  principle  of  astringency,  bat  ihtt 
this  proprrty  must  depend  on  some  other  prlnciplej  or  oii 
6omt  modi  he  at  ion  of  composition. 

Deyeux,  in  his  analysis  of  the  gall  nut  f,  found,  that, 
besides  the  gallic  acid,  it  contained  a  portion  of  extractiTe 
matter,  and  of  what  he  considered  as  a  particular  kind  of 
rnin,  or  substance  approaching  at  least  to  resin  in  some 
of  its  properties  )  that  these  are  in  a  state  of  combination 
so  as  to  be  always  extracted,  either  by  water  or  alkohol ; 
and  the  astringent  property  he  conceived  arises  from  this 
Combination,  and  not  from  any  of  these  principles  alone. 

At  length  Seg uin,  in  the  course  of  some  eiperiments 
•n  the  an  of  tanning  %,  established  more  clearly  the  exist- 
ence of  a  principle  in  the  vegetable  astringents,  different 
from  the  gallic  acid,  and  in  which  the  astringent  or  cot< 


•  Elfiiiems  of  the  Art  of  Dyeing,  vol.  i.  p.  90,  !;c- 

■\   Annalfl  de  Cllimie,  ti.m.  %v\\.  p.   I . 
!    Ibid.  ion.  ^x   r-  •'*''■ 


fugattng  qtsality  seems  to  reside.  From  being  the  agent 
that  is  pecuKariy  concerned  in  the  process  of  tanning,  it 
has  receiTed  cfae  name  of  Tan,  or  Tannin :  and  its  propet'^ 
ties  are  sisfficientlf  appropriate  to  characterize  it  as  a  dis* 
linct  priompk.  Proust,  Davy,  and  Hatchet,  have  by  tfaeit 
researches  extended  our  knowledge  of  its  chemical  rela- 
tions :  the  tWo  first  have  {Principally  investigated  its  pro^ 
perties,  and  the  last  chemist  has,  by  an  extensive  series  of 
«xperiinent8,  established  the  fact  of  its  artificial  formation. 
This  principle  does  not  appear  to  be  secreted  pure  by 
vegetables,  or  deposited  in  anjr  of  their  parts  in  an  insula* 
ted  state.  It  requires  to  be  extracted  by  cenain  processes, 
andy  as  obtained  by  these,  is  often  mixed  or  combined 
with  other  principles.  It  is  contained  in  large  proportion 
in  the  gall  nut  dnd  in  oak  bark,  sumach,  and  several  other 
barks  ;  and  the  inspissated  juice  of  the  Mimosa  catechu, 
the  catechu  or  terra  japonica  of  the  shops,  consists  princi- 
pally of  it  in  combination  with  extractive  matter. 

If  oak  bark  be  macerated  in  water,  the  tannin  and  the 
^lic  acid  which  are  combined  in  it  with  the  ligneous  fi^ 
bre  are  dissolved,  forming  a  liquor  of  a  dark  broWn  co^ 
jour  and  a  bitter  acerb  taste.  If  to  this  solution,  freed  by 
filtration  firom  any  undissolved  matter,  a  solution  of  the 
animal  principle,  denominated  Gelatin,  of  which  isinglass 
and  glue  are  examples,  be  added,  a  thick  fiocculent  preci- 
pitate or  magma  is  formed,  which  subsides  to  the  bottom ; 
the  liquor  above  contains  the  gallic  acid,  and  any  mucilage 
or  extractive  matter  which  may  have  been  dissolved  from 
the  bark.     A  similar  appearance  results  from  the  infusion 

of  galls  treated  in  the  same  manner, 

't 

This  is  the  original  experiment  of  Seguin,  by  which  he 
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demonstrated  the  eiistence  of  a  principle  in  the  infusiont 
of  these  astringents,  the  characteristic  property  of  whtcfi 
IS)  forming  with  animal  gelatin  an  insoluble  compouoili 
ind  in  conFeqitence  of  which  property  it  can  be  wtibdrawii 
from  other  principles  with  which  it  is  combined. 

It  is  obvious,  however,  that  by  such  a  process  we  do  not 
obtain  this  principle  pure,  and  that  some  additional  steps 
ate  requisite  to  separate  it  from  the  gelatin  with  which  it 
lias  combined  i  or  that  some  other  method  must  be  fol- 
lowed to  obtain  it  in  an  insulated  state.  Different  process- 
es have  been  proposed  for  this  purpose. 

The  (irst  was  proposed  by  Proust,     It  consists  in  p(MI^ 
ing  a  solution  of  muriate  of  tin  into  a  decoction  of  ga&i: 
an  abundant  precipitate  forms,  consisting  of  the  farniln  '«t 
combination  with  oxide  of  tin :  to  separate  the  latter,  tk 
precipitate,  after  having  been  washed,  is  diffused  in  wiKr, 
through  which  a  current  of  sulphuretted  hydrogen  is  pils- 
cd:  i!ie  sulpburetted  oxide  falls  down,  and  the  lanning 
principle  remains  in  solution  in  the  water  ".  Ttus  process 
it  however  eiceptionable.  Proust  himself  has  remarkedt> 
that  the  muriatic  acid  retains  a  portion  of  the  compound 
of  tannin  and  oxide  of  tin  in  solution,  so  that  all  the  tir>— 
nin  is  not  procured  i  and  what  is  obtained  it  not  pan,^>* 
the  muriate  of  tin  precipitates  the  ezlractire  matter  cov>* 
tained  in  the  vegetable  infusion. 

Another  process  which  he  afterwards  proposed,  is  ** 
pour  a  solution  of  carbonate  of  potassa  into  an  infusion  "^ 
galli.     A  yellowish  white  coagutum  is  formed,  which  >*  ■* 


*  Nicholwii't  Journal,  4to,  vol.  ii,  p.  338. 
I  Ibid.  8vo,  vol.  ii.  p.  198. 
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eolj  necessary  to  wash  with  a  little  cold  water  to  obtain 
the  tuinin,  the  coagulum  being  this  substance  separated 
from  its'iBoiution  by  the  affinity  exerted  by  the  alkaline  car*  ' 
bonate  to  the  water  in  which  it  was  dissolved.  Care  must 
be  taken  not  to  wash  it  with  too  much  water,  by  whick 
it  wooM  be  dissolved ;  nor  with  warm  water :  for  the 
same  reason  a  strong  infusion  of  galls  must  be  operated 
on«  And  it  is  not  less  essential,  that  the  alkali  should  be 
saturated  with  carbonic  acid,  as  the  pure  alkali  favours  its 
solution  *.  This  process,  however,  fs  inadmissible,  as  it  is 
not  pure  tannin  that  is  precipitated.  Mr  Davy  found,  that 
k  has  not  the  astringent  taste,  is  but  slightly  soluble  in 
cold  water^  or  in  alkohol ;  and  its  solution  acts  little  on 
gelatiQy  until  it  is  ^turated  with  an  acid :  it  appeared^  , ' 
finom  his  experiments,  to  consist  of  tannin  and  gallic  acid^ 
with  carbonates  of  potassa  and  lime.  A  similar  process 
has  been  more  lately  proposed  by  Bouillon  Lagrange,—* 
adding  to  an  infusion  of  galls  a  solution  of  crystallized 
carbonate  of  ammonia,  as  long  as  there  is  any  precipitation. 
The  precipitate  is  washed  with  C9ld  water  until  the  water 
pass  off  without  colour :  it  is  then  digested  in  pure  alko«- 
hoi,  until  the  alkohol  cease  to  redden  infusion  of  litmus  t 
the  residuum  he  considers  as  pure  tannin  f .  Tiiis  seems 
nearly  equally  liable  to  objection  with  the  other. 

A  third  process  was  proposed  by  Proust.  Dize  had  ob- 
served, that,  by  pouring  sulphuric  or  muriatic  aeid  on  a 
strong  decoction  of  galls,  a  considerable  deposite  is  formed* 
According  to  Proust,  this  precipitate  consists  of  the  tan- 


*  Nicholson's  Journal,  4to,  vol.  iv.  p.  35 1 . 
f  Annaki  de  Chimie,  torn.  Ivi.  p.  187. 


mbination  with  the  acid.  It  U  washed  with  coU 
water  {  U  dUsolted  in  boiling  waier  :  the  talphunc  aciJ 
lunced  b;  an  alkaline  ctrbonate,  and  ih«  laniiin  i* 
pTecipiiiited.  It  is  washed  wic'i  c^Id  water  *.  It  it  stiU 
p3  be  questioned,  however,  if,  as  ubi^iiii-d  in  ihl*  manncf, 
it  en  be  considered  as  pure  :  Mr  Divy  lia«  ntanke4, 
that  as  fxtfaciive  matter  is  likewise  precipiialcd  bj  dtoe 
acidsi  a  ponioii  of  it  may  be  cont^iined  id  t)u&  pKcipilucj 
anJ>  from  his  experiments,  it  appeared  aJM)  to  cotiaia* 
tjuanlity  of -gallic  acid. 

Another  method  has  been  proposed  by  Merat  GiuIIot. 
]t  consists  in  adding,  to  a  solution  coBiainiug  (jnnin,  lioic- 
water :  a  precipitate  is  obtained  iti  con&id«fabIe  ^uaotilfi 
which  appc:irB  to  consist  of  the  tannin  combined  witb 
lime.  If  it  be  treated  with  iiittu:  or  muriatic  acid  iHaiti 
«itli  valeri  an  effervescence  ^kes  plac«,  the  aCid  cooh 
bijK':  witii  the  lime,  and  a  matter  so  spariogly  soluble  ■< 
to  remain  on  the  fihre  is  obtained,  which  ihii  chfmiit 
considercil  an  pure  tannin  f.  Mr  Davy  has  sup[msedi  (l<i< 
it  must  contain,  be^i<!es  tannin,  some  of  the  ciiratiix 
■natter  of  the  bark,  and  that  it  m^y  likewise  contain  filiv' 
natter.  It  is,  however,  the  simplest  process,  and  ptlli»p» 
even  afibtds  purer  unnin  than  the  others  ;  though  a  pro- 
cess is  sfili  wanting  by  which  we  can  be  certain  of  ot* 
taiiiing  this  principle  in  a  state  of  perfect  purity. 

Tannin,  in  the  states  in  which  it  has  been  hitherto  pro- 
cured, may.  by  evaporation  of  its  solution,  be  ubtaiocd  i" 
the  solid  form.    It  appears  eithar  as  a  loose  powder*  ei  i 

•  Nichulwn'i  Jciirnil,  4to,  vol.  iv,  p.  afli 
■(■  lb;d.  Svo,  Toi.  ii.  p.  71. 
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4ry  friable  matter,  having  a  reeinous-like  fracture.  It  is  qI  , 
m  brown  colour,  or,  according  to  Lagrange,  of  a  i^hire, 
^rbich  becomes  brown  only  from  exposure  to  the  air  i  ha^ 
21  peculiar  smell,  and  a  taste  rough  and  bitter* 

This  principle  is  soluble  in  water,  either  cold  or  Wiarm. 
Its  solution  is  of  a  brown  colour,  and  retains  the  peculiar 
tmell  of  the  tannin.  It  is  generally  considered  as  being 
also  soluble  in  alkohol ;  but  according  to  Rlchter,  this 
if  ooly  when  the  alkohol  contains  some  water  *,  for  when 
highly  rectified,  it  is  scarcely  at  all  soluble  in- it  *, 

Tannin  appears,  from  Seguin's  experiments,  to  be  sus- 
ceptible of  oxygenizement.  ,  When  its  watery  solution  is 
exposed  to  the  air,  its  surface  acquires  a  fine  pellicle, 
which  becomes  thicker  the  longer  the  fluid  is  exposed.  If 
it  be  broken,  it  is  soon  renewed,  and,  from  accumulating, 
it  at  length  predpitates.  It  is  quickly  formed  by  expos- 
ure to  oxygen,  or  to  oxymuriatic  acid,  so  much  so,  ac- 
cording to  Seguin,  that,  from  bringing  a  bottle  containing 
this  acid  into  the  vicinity  of  the  infusion  of  tannin,  a  pel- 
licle is  formed,  which  thickens  rapidly,  so  as  to  precipi- 
tate f .  As  phenomena  somewhat  similar  are  exhibited, 
however,  by  infusions  of  vegetables  which  contain  no  tan- 
nin, it  is  not  impossible  but  that  they  may  arise  from  the 
extractive  matter  contained  in  the  vegetable  from  which 
the  tannin  had  been  extracted.  This  appears  to  be  con- 
firmed by  the  observation  made  by  Seguin  himself,  that' 
the  infusion  of  tannin  may  be  kept  a  long  time  witliout 
its  properties  being  sensibly  altered,  and  this  even  though 


•  Philosophical  Magazine,  vol.  xxiii.  p.  75. 
t  Nicholson's  Journal,  4to,  vol.  i.  p.  275. 


I  jt  Ik  not  carefully  secluded  from  the  air.  Lagrange,  how- 
er,  in  his  bte  examination  of  tannin,  has 'affirmed,  that 
s  very  susceptible  of  oxyE-.'nizement,  and  thai  bf  titij 
change  it  acquires  the  property  of  rtddciiing  litnius,  which 
otherwise  does  not  belong  (o  it.  It  ii  very  little  liable  to  pas* 
into, a  putrid  stare,  and  it  forms  a  powerful  antiseptic. 

Tannin  is  thrown  down  from  its  solutions  by  several  oT 
the  acids.  Sulphuric  acid  causes  a  dense  \vhilieb  pTccij 
tate.  The  residual  liquor  separated  by  fitration  wasfi 
by  Mr  Davy  still  to  precipitate  gelatin,  and  therefore 
taitied  a  portion  of  tannin.  Muriatic  ac;r1  produecs  umi* 
lar  effects,  two  compounds  of  the  tannin  being  formed-, 
one  with  an  excess  of  acid  which  remains  in  solution,  the 
other  containing  much  tannin,  which  is  precipitated.  Ni- 
tric acid,  when  concentrated,  fir&t  renders  the  solution 
turbid;  but  the  solid  matter,  from  the  production  of  which 
this  arises,  is  soon  re- dissolved  with  etTen-escence,  and  the 
liquor  becomes  clear,  and  of  an  orange  colour.  The  tan- 
nin is  entirely  decomposed  during  this  action  ;  for  the  li- 
quid, after  it,  gives  no  precipitate  with  gelatin,  even  wheo 
the  acid  is  saturated  with  an  alkali.  With  dilute  nitric 
acid  a  permanent  precipitate  is  formed,  and  the  residiul 
liquid  appears,  from  the  test  of  ^'elatin,  stilt  lo  contain  l 
ponion  of  tannin.  Lagrange  has  slated,  that  tannin  pT^ 
pared  by  the  process  which  he  has  given,  already  deictilh 
ed,  is  converted  by  ojymurialic  acid  into  gallic  acid  •. 
Were  this  established,  it  would  point  out  the  reUtiOB 
which  appears  to  be  so  intimate  between  these  two  piiiw 
ciples :  and  it  might  even  lead  to  the  suspicion  which 

•  Annaks  de  Chiaiic,  lom.  Ivi.  p.  191. 
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>nie  other  facts  suggest,  that,  in  the  processes  to  which 
ley  are  subjected,  the  one  b  often  converted  into  the  o- 
ber.  It  may  be  doubted,  however,  if  this  relation  is  so 
impl^s-as'that  gallic  acid  is  merely  tannin  oxygenized. 
.  The  alkalis  combine  with  tannin.  A  solution  of  pure 
>ota8sa,  poured  into  an  infusion  of  galls,  causes  first  a  faint 
turbid  appearance )  but,  by  agitation^  the  fluid  becomes 
dear,  and  its  colovr  changes  from  yellowish  brown  to 
brownish  red.  The  solution  of  gelatin  does  not  act  on  the 
liquid  in  diis  state  of  combination,  until  an  acid  be  add- 
ed in  excess,  and  then  a  copious  precipitation  is  occasion- 
ed. The  action  of  soda  is  precisely  similar ;  as  is. that  of 
ammonia.  On  heating  the  Infusfon  to  which  ammonia 
hat  been  added,  part  of  the  alkali  is  volatilized,  and  ^e 
remaining  portion  acts  on  tannin,  forming  a  quantity  of 
insoluble  matter,  and  leaving  little  in  solution  *» 

Lime,  barytes,  and  strontites,  in  solution  in  water,  ap- 
pear likewise  to  combine  with  tannin,  and  to  form  com- 
pounds of  sparing  solubility  %  since,  when  added  to  infu- 
*ioQ  of  galls,  a  precipitation  ensues,  and  the  residual  liquot 
Ci^es  no  precipitate  with  gelatin.  The  precipitate  of  these 
^rths  with  pure  tannin  is,  according  to  Lagrange,  of  a 
C*^(en  colour.  Magnesia  boiled  in  such  an  infusion  forms 
^  deep  green  fluid,  which  docs  not  precipitate  the  solution 
^gelatin  :'lhe  magnesia  acquires  a  grey  colour,  and  ap- 
P^TS  to  have  abstracted  the  tannin  :  the  action  of  argil 
Appears  lo  be  precisely  similar  f. 

The  alkaline  carbonates  cause  a  precipitation  of  tannin, 
'lom  the. infusion  of  a  vegetable  astringent  s  but,  as  has 
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drndf  been  rtmaiked,  tbb  pieci^ntMc  b  noi  pun  tSHW 
boc  csntiini  a  portion  of  the  allulioe  ofbo&aie,  and,  » 
conec«iDciict  of  Uiis,  Aati  not  act  on  gelatin,  ufttil  the  •!• 
kaJi  be  ssninted  by  an  acid.    The  re^dual  fluiil  of  tbe  is> 
ftuina,  acted  on  by  the  caifaomte,  ulU  coataio*  uoiiii), 
which  appears  to  be  combined  mth  a  Urge  quantiijrof  ik 
alkali,  k>  aa  to  rentain  loluble  ;  and  it  is  equally  igcapaUe 
of  aciiag  on  gelatin,  until  the  alkali  issalnrated  by  an  acid. 
The  caibonaies  of  line,  magnesia,  and  baryic*,  producei   1 
in  like  iTunner,  an  insoluble  combinuioo  of  theae  rapcc* 
tire  eanhs  with  tannin :  the  reudual  liquid  doca  not  afied 
gelatin,  cren  wben  an  acid  has  been  added  to  it 
hence  there  is  no.  soluble  combination  of  tannin  fomtdn 
this  case,  as  there  is  in  that  of  the  alkaline  carbooalM 

Even  a  number  of  neutral  salts,  as  nitrate  of  pota 
muriate  of  soda,  muriate  of  barytes,  &c.  caose  a  P'^PP' 
latton  of  tannin.  This,  Proust  supposed  to  be  owing  to 
their  combining  with  the  water,  which  holds  this  priocip'' 
dissolved.  Mr  Davy  found  reason  to  conclude,  howertti 
l)iat  these  precipit^es  <iTe  not  pure  taiUiin,  as  this  b^ 
thesis  implies,  but  contain  a  portion  of  the  lalc  by  wlufb 
they  had  been  thrown  down. 

The  metallic  oxides  appear  lo  have  an  affinity  to  tinwOi 
and  to  combine  with  it,  forming  compounds  in  gcoei^ 
insoluble.  Mr  Davy  found,  that  when  oxide  of  tioi  '" 
oxide  of  zinc,  W3!i  boiled  with  infusion  of  galls  for  f 
hours,  it  became  coIourU-ss,  and  seemed  to  be  partwsl"' 
while  the  oxides  gained  a  tint  of  dull  yellow :  and  on  d'** 
solving  them  in  muriatic  acid,  the  solution  acquired  ih 
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fttopmy  <rf  precipitating  copiously  ihe  solution  of  gelatin. 
In  contcqueoce  of  ihe&e  ^Bnities  of  the  nietallic  oxides  to 
this  principle,  raany  of  the  metallic  salts  act  upon  ii :  tkcy 
in  ^nenl  gi?e  rise  to  dense  coloured  precipitates)  which 
tppear  lo  omiist  of  the  tannin  united  with  the  metallic 
dxide,  reigning  perhaps,  as  Mt  Davy  has  found  some  rea- 
flou  to  suppose,  a  portion  of  the  acid  with  which  it  wa^ 
combined.  Acetite  of  lead  fonns  a  precipitate  of  a  grey 
cahnrr  j  nitrate  of  mercury,  one  that  is  yellow  ;  Eulphiil« 
of  manganese  is  thrown  down  green  :  but  these  precipi- 
tates generally  change  their  colour  in  drying  *. 

The  action  of  tbis  principle  on  sulphate  of  iron  is  im- 
poTtanti  from  its  r«lation  to  the  art  of  dyeing,  and  to  the 
composition  of  ink  ;  On  the  green  sulphate  it  has  Do  sea- 
liUe  action  -,  but  with'the  red  sulphate,  it  gives  a  copious 
4eiHe  precipinte,  of  a  darlt  blue  colour,  approaching  ta 
^\k^  when  dried,  and  very  difTerent  from  that  with  the 
S  acid,  which  is  of  great  tenuity,  so  as  to  remain  long 
ided.  and  is  perfectly  bUck.  In  this  action  of  lanniit 
■  red  sulphate,  part  of  the  oxygen  is  atrracted  by  the 
tn,  so  that  the  oxide  passes  to  the  state  in  which  it  ex- 
'ftt  in  the  green  sulphate  f .  The  deep  black  colour,  pro- 
iutti  by  the  action  of  vegetable  astringents  on  the  red 
Mlpbate  of  iron,  appears  to  arise  from  the  action  both  of 
the  galKc  acid  and  intinin  -,  (hi-y  combine  with  ttie  oxide 
sf  iiM  I  the  precipitate  is  Icept  dissolved  in  same  measure 
fcy  the  free  sulphuric  ncid  disengaged  :  and  It  is  this  which 
fotau  (be  cotouring  matter  ot  ink,  and  of  the  black  dyes. 
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The  must  characterisilc,  and  peHiapa  the  most  iiaport- 
aitt  chemical  property  o(  this  principle,  is  that  of  combin 
ing  with  animal  gvUtin.     When  the  solution  of  this  prii^ 
ciple  U  added  to  an  infusion  contaiuing  : 
soft  precipitate,  wliich  quickly  becomes  flocquletii, 
yellowish  colour,  is  formed,  and  subsi<les :  it  is  not  pit- 
tresdble  ;  and  on  drying  coniracU  and  becomes  hard  and 
brittle,  but  resumes  lis  softness,  and  a  degree  of  tcnifllj. 
which  it  has,  when  it  is  moistened.     The  geh 
to  be  recently  prepared  :  the  quantity  of  precipitate 
tiiionced  by  ihc  itaic  of  concentration  ;  ibe  same  (}U3ilti> 
ties  giriiig  rather  more  precipitate,  when  strong  soluiiont 
ue  mixsd  cogeLhcr.     It  is  also  influenced  by  the  proper- 
tions  i  an  excess  of  gelatin  ledissoKing  a  liltle  of  tlie  {uc- 
cipitate.     These  circumstances  lequiie  to  be  attended  14 
in  estinntiag,  by  the  test  of  gelatin,  the  quantity  of  tioaiJi 
ia  any  astringent,  and  vice  versiS  in  using  tannin  ass  im 
of  geliiiln.     Tlie  lannin  of  different  vegetables  ww  foiiniii 
by  Mr  Davy,  to  rec^uire  different  propoiiionsof  gtUlifi. 
On  an  average,  100  grains  of  the  compound  of  geblio 
and  lannin,  formed  by  precipitation  from  saturated  »!«• 
ttons,  contain  about  3  i  grains  of  gelatin,  and  4£  of  MDniu- 

Gelatin,  even  in  an  indurated  or  compact  stJte,  i>  »■ 
pable  of  combining  with  tannin.  A  piece  of  animal  tbli 
which  consists  priacipally  of  gclatiu,  immersed  in  ui  in* 
fusion  containing  lannin,  discolours  it  in  a  short  time,  b)^ 
xllracting  the  tannin. 

Tjuujin  eiposed  to  heat,  affords  an  acid  liqoor,  a  bto*"" 
ish  oil,  and  a  considerable  quantity  of  carbonic  acid,  l<i^'* 
iitg  in  the  retort  a  light  spongy  coal  *, 
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'  This  principle  .exists  in  many  vegetables*  and  always  in 
a  state  of  iitteroiixture  with  other  principles!  particularly 
irith  gallic  acid*  extracti  ami  mucilage.    Seguin  has  ro- 
aaried*  that  the  gallic  acid  is  often  unaccompanied  by  the 
taming  .principle*  as  in  cinchona^  crude  or  roasted  coffee* 
ti>e. roots  of  the  Strawberry  plant,  milfoil*  scrofularia,  ar- 
tuca*  and  a  number  of  others ;  these  forming  a  dark  pre- 
Cfitate  with,  sulphate  of  iron*  but  not  being  affected  by 
gelatin.    Tannin*  on  the  other  hand,  is,  according  to  this 
cbemlsf*  never  found  alone*  but  always  accompanied  with 
tb^  gallic  acid.     It  exists  not  merely  in  the  gall  nut*  oak 
bark|  and  sumach*  the  substances  used  in  tannings  but  a^ 
buodantly  in  bistort*  tormentil*  rhubarb*  squil*  several  spe- 
cies of  pine*  the  acacias^  and  a  number  of  other  vegetables. 
Mr  Davy  undertook  the  examination  of  the  principal  as- 
tringents* with  the  view  of  determining  the  proportion  of 
taonin  they  contain,  and '-the  principles  with  which  it  is 
'luiited  *•    In  gall  nuts,  tannin  is  the  principle  present  in 
the  largest  proportipn  :  500  grains  of  Aleppo  galls  yielded 
to  water*  by  lixiviatlon,  185  grains  of  solid  matter;  of, 
vhich  ISO  were  tannin,  31  gallic  acid*  12  mucilage  and 
extract*  and  12  calcareous  earth  and  saline  matter.     Oak 
bark  affords  a  considerable  proportion*  though  pf  course 
fflucb  less,  from  the  quantity  of  fibrous  matter  in  ^e  bark : 
an  ounce  or  480  grains  of  the  interior  white  bark  afforded 
III  grains  of  solid  matter  by  lixiviation*  of  which  77  were 
tannin.    The  bark  of  the  Leicester  willow  afforded  about 
the  same  quantity  ;  that  of  the  Spanish  chesnut  less ;  and 
the  common  willow  and  elm  a  much  inferior  proportion . 
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Sumach  afforded  31  much  a*  oak  bark.  Sonchong  and 
green  tea  gave  alio  a  <ransiderablc  quantity.  The  quanta 
lies  vary  .iccoiding  ro  The  age  of  the  tree,  and  accordins 
to  tlt«  seainn,  ait  the  «xpeTimenls  of  Mr  Biggin  *  htjt 
shown.  The  inner  bark,  Mr  Davy  found,  alwajrs  contun- 
cJ  a  larger  proportion  than  the  outer  layers ;  and  m  the 
intriior  layers  nn*  comparatively  most  abundant  in  young 
lieca,  ihcir  birks  contain,  in  the  same  wrigbtj  a  Isfgo  . 
proportion  of  tannin  than  those  of  old  trees.  , 

The  substance  named  Catechu,  obtained  by  decociioa    j 
and  iii!pUsaiion  from  the  wood  of  the  Mimosa  CatechU)  a 
native  of  India,  13  a  strong  astringent,  and,  from  Mr  Davy't    { 
experiments,  appears  to  contain  a  large  proponion  of  (an-    j 
Bin.    It  is  almost  wholly  soluble  in  water ;  a  considerabiv    ' 
proportion  of  it  is  also  soluble  in  alkofaol,  but,  when  acted   j 
on  by  the  latter  fluid,  a  portion  of  mucilage  remains  tindb- 
solved.     One  hundred  grains  of  what  is  named  Bombay 
Catechu  consists,  according  to  these  eiperiments,  of  54.5 
of  tannin,  3*  of  extractive  matter,  6.5  mucilage,  and  ii  re-    < 
sidunl  matter,  chiefly  impurities.     The  same  quantity  of 
Bengal  catechu  gave  iS.5  of  tannin,  36.5  of  extract,  Sof 
mucilage,  and  7  of  residual  matter. 

Another  very  astringent  substance  known  in  the  shop* 
by  the  name  of  Kino,  appears,  according  to  the  accoDiU 
of  it  given  by  Dr  Duncan  and  by  Vauquelm,  to  conist 
chiefly  of  a  variety  of  tannin.  It  was  first  imported  fron 
Africa,  and  was  said  to  be  the  produce,  by  esudaiton,  of 
a  particular  tree.     Dr  Duncan  has  observed,  howcTer  I, 
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tiax  it  h»  ertrj  appearance  of  an  extract  obtained  by  de- 

flsciion  and  inspiisxion,  and  that  part  of  the  kino  of  com- 

ment,  not  duttnguUhabte  from  that  frgm  Africa,  is  im- 

poned  from  Jamaica,  and  ii  known  to  be  the  extract  of 

>n  attringent  bark,  that  of  the  Coccoloba  tirif«ra.    Its  80- 

Ituton  girei  a  copious  precipitate  with  gelaiin,  and  thfows 

down  alto  coloured  precipitates  from  the  metallic  salts  : 

that  from  the  salts  of  iron  ts  of  a  deep  green  colour,  Ac- 

cotdtag  to  Vauquelin'*  experiments  on  it  •,  it  consists 

diieBy  at  tanain,  with  a  proportion  of  mucilaginous  or  ex- 

tncttre  matter.    The  kino  examined  by  this  chemist  Di 

Dnnmi  nispects  to  be  the  substance  named  the  Botany 

Bay  Gam,  which  is  the  produce  of  different  species  of  /u- 

aJjfptuif  and  forms  jit  pKtetit  the  finest  kino  of  the  shops  f. 

PrOBSt  remarked,  that  the  tannin  afforded  by  different 

n^ttablct  it  not  ttnifoim  in  its  qualities, — an  observation 

wUcb  is  snfficienilyconfirmed  by  experiment.    Thus,  the 

tuiDiD  of  catechu,  in  precipitating  gelatin,  does  not  form 

with  it  a  magma  of  the  consistence  or  insolubility  of  that 

formed  by  the  tannin  of  galls :  it  gives  also  a  violet>coloarr 

ed  ink  with  sulphate  of  iroii.     The  tannin  of  kino  form* 

•mith  the  soiuiion  of  glue  a  rose-coloured  coagulum,  and 

does  not  precipitate  the  salts  of  iron  black,  but  of  a  beau- 

pful  deep  green  colour,  scarcely  alterable  by  exposure  to 

■  he  air,— a  property  which  also  belongs  to  the  tannin  of 

rhnbirb.  The  tannin  of  siimachi  in  precipitating  glue,  af» 

fordf  ■  white  magma  without  eonsisience.     From  such 

facts,  Proust  concluded,  that  nnoin  has  its  varieties,  like 


•  Nieholion'j  Joaraal,  vol.  vt.  p.  2S4. 
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oilier  itnmediatc  principli's  of  Tcgeiable* }  the  proprny 
i  ptecipitating  gelatin  being  that  which  unites  them,  mJ 
were  conitiiules  the  species  ".     On  thie  lubjca  M' 
ft^jvy  has  observed,  that  the  specific  agencies  of  taDlun,  iii 
'ill  (he  UifTcTcnt  vegct-tble  astringents,  are  tlte  sams.    In 
every  iiiatan/:e  it  is  capable  of  entering  into  union  with  tli( 
acids,  alkaliH,  nnd  earths,  and  of  foimmg  inraluble  rom- 
r  pounds  with  gelatin  and  with  skin;  and  he  scents  d'ajc6- 
Led  to  conclude,  that  although  the  opinion  of  Proust  is  luf- 
t  fictently  conformable  to  the  facts  generally  known  a/a- 
'Cerning  the  nature  of  the  substances  which  are  producpJ 
in  organized  matter,  it  cannot  be  considered  as  proved,  till 
■he  tannin  in  different  vegetables  be  examined  in  its  ptin 
and  insulated  state.    In  all  the  vegetable  infusions  in  vhkh 
it  h^iS  been  subjected  to  experiment,  It  exists  in  a  &ntc  of 
union  with  other  principles,  by  which  its  properties  mutt 
be  modili''d.     Thus,  as  >Tr  Davy  has  remarted,   the  in- 
fusion of  sumach  owes  it*  characteristic  property  of  being 
precipitated  by  the  caustic  alkalis  to  the  presence  oi  nU 
pliate  of  lime  v  and  to  this  may  be  owing  the  white  caiow 
f)f  its  precipitate  with  glue.  /That  the  infusion  of  gaUj^is 
rendered  green  by  the  alkaline  caibonates,  evideatly  de- 
pends on  the  Itirge  quantity  of  gnllic  acid  it  contain*  %  mi 
lliai  tiie  solution*  of  catechu  do  not  copiously  precipitate 
the  carbonated  alkahs,  appears  lu  depend  on  tlieir  coataio* 
ing  tanninin  a  peculiar  state  of  union  with  extractive  mat- 
ter, and  uncombined  with  gallic  acid  or  earthy  salts  \. 
These  observations  arc  undoubtedly  just ;  yet  as  taaniR 

•  Nichohon's  Journal,  vol.  ii.  p.  201. 
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tppesdrs  susceptible  of  alta^ation  in  its  constitution,  parti- 
cularif  from  oxygentzeiQentt  it  is  not'  improbabte,  that 
slight  Variatiotii  of  this  kind  may.  giire  rise  tp  sdme  of  the 
differences  ohsenred  ii^  its  propeniesy a  supposition  con- 
firoitd^f  the  discoriertes  With  regard  to  itsaitifictalfonn-i 
atbiif  ill  which  it  is  produtfed  with  properties  fomewhat 
different)  iso  as  to  form  at'least  three  varieties? 


The  artificial  formation  of  tannin,  a  subject  highly  in- 
teresting, has  been  amply  investigated  by  Mr  Hatchet,  by 
whom  it  was  discovered.  It  had  been  observed  by  Seguin, 
Proust,  and  Davy,  that  the  tanning  principle  is  developed 
in  many  vegetables  by  heat ;  and  Mr  Chenevix,  in  sub- 
mitting coffee  to  chemical  examinatioD,  found,  that,  by 
roasting  it,  tannin  is  evolved  or  produced :  previous  to 
roasting,  it  contains  a  principle  somewhat  analogous,  but 
which  does  not  precipitate  gelatin,  but,  after  it  has  been 
submitted  to  .that  process,  its  decoction  gives  an  imme- 
diate precipitate  *•  '  But  the  observation  of  these  facts, 
did  not  lead  to  any  farther  investigation  of  the  subject. 

Mr  Hatchet  having  observed,  in  his  experiments  on  lac, 
and  some  of  the  resins,  the  powerful  action  that  nitric  a- 
cid  exerts  on  them,  and  that  a  substance  is  produced  by 
this  action,  apparently  carbonaceous,  possessed  of  some  pe- 
culiar pro|)erties,  was  induced  to  examine  the  action  of  this 
acid  on  the  bitumens,  coal,  and  charcoal.  He  found,  that 
by  digesting  these  with  a  sand  heat  in  nitric  acid,  100 
grains  being  used  to  one  ounce  of  acid  of  the  specific  gra- 
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vhj  of  I.*,  and  fresh  poitionE  of  the  icid  being  added  t^m 
it  was  decomposed  or  dissipated,  a  solution  was  oboined^ 
to  B  few  days,  of  a  dark  brown  colour,  whidi  afforded^ 
when  eraporated  to  drynesSt  a  substance  having  the  ge— 
imsl  properties  of  tannin,  and  which  veiy  readily  pmi- 
pitaied  solutions  of  gelatin.    100  gninsof  regetabje  cbat- 
coal  yield  about  114  grains  of  this  matter  in  a  dry  state. 

This  substance  Mr  Haichet  found  was  best  obtained 
from  carbonaceous  matter  when  this  is  uncombined  with 
any  principle  but  oxygen;  and  hence  substances  frequently 
did  not  produce  the  tanning  matter  when  treated  with  lu* 
trie  acid,  as  saw-dust  and  difierent  varieties  of  coali  whldi, 
after  having  been  charred  and  submitted  to  the  Fine 
treatment  as  before,  pioduccd  it  copiously.  The  coal  of 
animal  matter  was  e<)ually  susceptible  of  being  converted 
into  tannin  by  this  process.  Isinglass  charred  afforded  it, 
in  Mr  Hatchet's  etpertmenta,  and,  as  he  zemailced,  thus 
established  the  curious  fact,  "  that  one  portion  of  the  skin 
of  an  animal  may  be  made  to  convert  another  into  Icatber." 

In  conformity  to  this  effect  of  chaning  in  favooring  tb* 
production  of  tannin,  Mr  Hatchet  found,  that  lubstance* 
charred  by  sulphuric  acid*  afforded  the  artificial  lannin 
when  afterwards  treated  with  nitric  acid  i  and  even  in 
sotne  cases,  in  his  first  experiments,  a  portion  of  it  appear- 
ed to  be  formed  by  the  continued  action. of  the  sulphuric 
acid,  being  separated  from  the  insoluble  matter  hf  the  ac- 
tion of  alkohol.  This  he  afterwards  investigated  mon 
folly  *,  and  found,  that  by  digesting  sulphuric  acid  on  a 
number  of  resins,  balsams,  camphor,  oil  of  turpentinei 
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flniKd  oil,  olire  oil,  and  wax,  washing  the  Tetiduum,  and 
£^C«ting  it  in  alkohol,  tanning  matter  was  piocurcil. 

In  ■  lecond  ictics  of  ejperiments  *,  Mr  Hatch^  found, 
th«  almost  ercry  regetable  substance  might  be  made  to 
xAbrd  tannin,  by  ibc  repeated  (lUtillation  of  nitric  acid  from 
it  witbnnt  any  previous  charring.  He  thus  procured 
it  from  all  tbe  resins  which  he  tried,  from  a  number  of  the 
fttiB  resins,  from  the  balsarns,  indigo,  and  sereral  other 
rarietin  of  vegemble  matter ;  some  alFording  it  with  more 
difficntty  than  oihcrs,  or  requiring  more  distillations  of  the 
acid,  and  :iirorcting  it  also  in  difierent  (Quantities.  Some 
tron  did  rtoc  afford  it,  such  as  elemi,  oUbanum,  sindarachf 
copaiba,  ma^tich,  myrrh,  gamboge,  and  noutchouc, 
tbongh,  had  the  distillitiun  been  more  frequently  repeat- 
mi,  Mr  Hatchet  suppowd  it  probable  they  might  have  done 
10.  Giun  aiabic,  gum  iragacanth,  and  manna,  alTorded 
oxalic  acid,  but  no  tannin. 

The  nature  of  the  product  of  all  these  operations  wai 
i»c«rtiuiied  by  the  precipitate  it  gare  with  gelatin,  and,  in 
•ome  citcf,  by  skin  being  tanned,  or  converted  into  leather 
by  its  operation.  It  resembled,  too,  in  almost  all  itc  other 
propenies,  natural  tannin.  Its  flavour  was  astringent :  ex- 
posed to  heat,  it  swelled,  and  gave  a  voluminous  coal)  it 
vai  speedily  dissolved  by  cold  water,  and  by  alkohol.  Its 
solution  produced  copious  precipitates  when  added  to  tty 
Iniions  of  muriate  of  tin,  acetate  of  lead,  and  red  sulphate 
of  iron  ;  that  from  the  first  being  of  a  dark  grey  colour, 
those  from  the  others  brown.  It  precipitated  gold  in  its 
meltllic  tiatefrom  it»  solution.     With  the  nitrate  of  lime, 
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nitraw  of  Inrytes,  ami  other  earthy  silts,  it  likewise  fXft 
^rccipltatei.  The  alkalis  at  first  decpencil  the  colour  o( 
iti  solatioQ,  and  then  rendered  it  turbid.  Sulphuric  and 
■nuriatic  acids  throw  down  a  copious  brown  precipitate, 
»luble  in  nrarm  traier,  and  still  capable  of  precipitariii| 
gelutn  *. 

It  thus  appears,  that  artificial  tannin  miy  be  I 
from  a  number  of  vegetable  substancei,  and  \>J  diSi 
processL's.     The  proilucls  of  these  proct'sscs,  though  aO 
possessed  of  the  essential  characters  of  natural  taitnini  dif* 
fer  somewhai  in  their  properties  from  it  and  from   rack   ' 
other.   Mr  Hatchet  has  niarfeed  three  varieties,— the  firs^  J 
produced  by  the  action  of  nitric  acid  on  any  carbonaceooi 
eobsranee,  vegetable,  animal ,  or  miweral  i  the  second,  foriif  I 
ed  by  distilling  nitric  acid  from  resins,  balsams,  and  sitain  ^ 
lar  substances ;  and  the  third,  extracted  by  alkohol  from  a  . 
number  of  resir.s,  camphor,  ttc.    digested  with  sulphuric 
acid. 

:  The  first  of  these  varieties  approac'ies  neatett  in  its 
properties  to  natural  tannin.  It  resembles  it  in  its  solii- 
bility  in  water  and  in  alkohol ;  in  its  action  on  gelatin  and 
on  skin ;  in  its  effects  on  the  metallic  )olutions,,on  the  al- 
kalis, and  on  the  earths.  The  sulphuric  and  muriaiic 
acids,  too,  affect  its  solution,  as  they  do  that  of  naiutal 
tannin  ;  and  the  only  marked  difference  between  tbem  it  . 
in  their  relation  to  nitric  acid.  This  variely  of  artificial 
tannin  owes  its  origin  to  the  action  of  this  acid,  and  is  not 
changed  by  the  continuance  of  that  action.  Mr  Hatchet 
found,  that  it  might  be  dissotred  in  nitric  acid,  the  5olu> 
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dlled  until  ihe  aciil  came  over,  and  this  be  lepeat- 
ed  thrte  timei  wldioui  ihe  lannliig  matter  having  suffered 
any  aluracion  in  its  pTupenies ;  while  iiaiur.il  untiin  ex- 
tracted from  dttferenc  vegetable  astringents,  gMs,  oak 
buk,  sumach  and  oihen,  was  always  »ieitroycd  by  the  ao- 
lion  of  thii  acid  ;  though  some  tesiiud  the  action  longer 
than  oihera. 

The  second  variety  of  anificial  tannin,  ts  that  formed 
Stitm  it%m»  and  Bome  other  substances,  by  tlie  repeated 
action  of  nitric  acid,  favoured  by  a  high  temperature,  or  by 
■liitilling  the  acid  repeatedly  from  them.  It  is  not  there* 
fore  so  easily  formed,  and  the  quantity  of  it  [iroduced  is 
always  less.  Its  formation,  as  Mr  Hatchet  has  conjectur- 
ed, probably  depends  on  the  oxygen  of  the  acid  attnct'itig 
the  hydrogen  of  die  resin,  and  forming  water,  and  tliu» 
leaving  an  excess  of  carbon,  which  is  then  acted  on  by  the 
Mcid,  so  35  to  be  converted  into  latiiiin,  in  neatly  the  same 
raaoner  that  charcoal  ii>.  There  is  a  slight  difference, 
however,  between  this  and  the  Erst  variety,  particularly 
in  the  precipit:ites  which  it  forms  with  {[elatin,  which  ate 
always  of  a  yellow  colour,  pale  or  deep,  while  those  form- 
/'(l  by  i^ie  other  are  constantly  brown ;  whence  he  con- 

Klhal  the  different  colours  of  the  precipitates  depend 
^te  of  the  carbon  of  the  tannin. 
Stitd  variety  produceil  by  the  action  of  sulphuric 
reiias,  balsims,  and  similar  substances,  is  inferior, 
in  iKe  energy  of  its  action  on  gelatin  and  skin,  to  the  itrst 
variety  i  it  it  convened  into  it,  by  the  action  of  nitric  acid. 
By  the  continuance  of  tlie  action  of  sulphuric  acid,  it  n 
Mbfoui  arid  converted  into  coal. 


|fl«Coa>|K>tcd  arid  u 
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The  first  viritl)'  of  ranniD  afforiJe*!,  wh«PO 
by  heat,  products  analogous  to  those  of  aninul  mattn. 
Pirst  a  liiile  vater,  wiih  i  ebiaII  (jtuntity  of  nriric  sckI 
ctma  oT«r,  then  a  small  ponion  of  a  yellowish  oil :  <n 
'  nisuig  the  heat,  a  large  (juantiiy  of  elastic  fluid  came  , 
over  suddenly,  which  was  principally  ammonia  ;  and  car- 
bonic acid  gas,  vriih  a  liiile  nitrogen,  were  aXwrwardt 
dowly  disengaged.  A  bulkf  coal  remained,  which  on  in- 
cineration aiforded  a  little  Hmo.  Carbon  therefore  9|^ 
pears  to  be  its  basis,  with  which  arc  combined  oxygen, 
hydrogen,  and  nitrogen.  The  third  vatiely,  Mr  Hatchet 
remarlcS)  from  the  moile  of  its  formation,  does  not  appear 
to  contain  nitrogen  ;  and  this,  he  add$,  rnay  perhaps  be  the 
Cause  of  its  less  powerful  action. 

From  the  facility  with  which  some  vegelaWe  lubManccs, 
after  being  charred,  are  convened  into  lannin  by  nkric 
acid,  Mr  Hatchet  supposes,  that  ^ome  such  method  ma* 
be  economically  employed  in  practice.  After  extracting  tfie 
tannin  from  oak  bark,  by  repeated  maceration  in  different 
portions  of  water,  the  remaining  matter  was  drted  and 
moderately  roasted.  It  was  then  moisted  with  dilut^ 
nitric  acid,  which  was  evaporated  in  a  heat  not  much  ex  - 
ceeding  300^,  until  the  bark  became  dry.  This  was  di- 
gested in  water,  and  formed  a  yellowish  brown  liquor, 
which  abundantly  precipitated  gelatin.  The  operAtion  was 
repeated  on  the  residual  bark  with  the  same  result ;  so 
that  it  might  evidently  have  been  continued  until  the 
whole  of  the  bark  had  been  converted  ttito  tannin.  Prat, 
yliich  consists  of  vegetable  tn;itter  in  a  carbonized  state, 
zlfoids  a  large  quantity  of  tannin,  by  such  a  process,  with 
great  facility  i  and  the  tanning  quality  of  the  water  of  peat 
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Et  Kitthet  conjectures,  tnzy  be  derived  fiom  goihb 
spoonueou)  cbsLDgc  of  a  similar  nature  *. 


Thk  art  of  tanning,  «r  convening  the  skin  of  animals  i 
into  leatheTi  depends  on  ibe  opeUtion  of  the  principle,  the   , 
chemical  hi&iory  of  which  has  now  been  given,  and  has 
been  elucidated  by  the  discoveiiei  made  with  regard  to  it. 
Tanning  is  nothing  more  than  combining  tannin  with  the 
gelatin,  which  is  the  basis  of  the  &kin ;  and  all  the  mani> 
pulations  of  the  an,  are  directed  to  facilitate  or  effect  this 
combination.     A  concise  account  of  these,  1  take  princi-  . 
palljr  from  a  memoir  by  Mr  Davy  on  ihls  subject  |. 

The  skin  requires  to  be  prepared  for  the  action  of  the  . 
lannijig  litjuor,  by  freeing  ii  from  (he  hair  and  other  ex*  , 
traocoua  matter.  This  is  done  by  washing  it,  and  in  som^ 
cases  by  inducing  a  slight  degree  of  putrefaction,  by  which 
the  epidermis  is  loosened,  and  the  hair  more  easily  detactw 
ed-  More  generally  it  is  effected  by  the  action  of  lime: 
the  lime  being  diffused  in  water,  and  the  skin  sweped  la 
it :  it*  agency,  from  Mr  Davy'»  investigation  of  the  sub* 
j«t,  appears  to  depend  on  the  lime  combining  with  th» 
culklc,  and  forming  a  compound,  which  is  loose  and  fria> 
bic.  The  fat  at)d  oily  matter  form  with  the  time,  too,  ta- 
pooaceous  compounds,  and  are  thus  temoTed. 

After  the  ikin  has  been  cleaned,  it  is  submitted  to  oihct  ^ 
epetationt,  before  it  li  immersed  in  the  lan  Hquur.     Ac- 
cording  to  Mt  Davy's  account  of  the  practices  of  ilie  alt* 
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'  Use  t»rge  and  thUk  hidn  which  have  uD({«rgoiic.au:i[Hi 
putrefictinn,  are  imrwduced  for  ^  shoit  tttuo  into  a 
infu&ion  of  oak  bark,  and  niuv  chU  chcy  are  acted  on 
water  impregnatetl  with  a  little  ^ulphuni:  or  acettc 
in  contequcnve  of  which  they  become  harJer  md 
than  before,  and  Kited,  after  being  tanned,  feV  [he  pi 
pose  of  forming  the  stouser  kinds  of  sole  U'ather.'  1 
lighter  aod  thinner  skins  arc  treated  in  a  difierent  inann< 
^frcr  having  been  subjected  lo  the  action  of  lime,  iheyi 
macernlcd  in  a  ley  formed  from  the  infusion  of  pigco 
dung  in  water,  which  contains  ;i  little  carbonate  of  tmm 
nii ;  the  hardness  they  had  acquired  from  the  lime  is  tk 
removed,  and  they  become  t[mie  soft. 

The  tanning  liquor  is  prepared  by  infusing  bruised  a 
bark  in  water:  and  skins  are  tanned,  by  King  cacccssii 
ly  immersed  in  such  infusions,  saturated  in  dttT^rent  de- 
grees with  the  astringent  principles  of  the  bark.  The  fimt 
leys  are  weak,  but  towards  [he  completion  oF  tht  process) 
they  are  used  as  strong  as  possible  ;  and  in  preparing  stout 
»ole  leather,  the  skins  are  kept  in  an  ooz?,  approaching 
to  saturation,  by  means  of  layers  of  oak  bark. 

The  infusion  of  oak  bark,  especially  that  obtained  by 
the  6rst  maceration,  contains  principally  tannin  and  ex- 
rractive  matter  ;  any  gallic  ai;id,  if  present,  as  has  been 
supposed,  being  in  inconsiderable  proportion.  In  the 
course  of  the  macer^ition  of  the  skins  lit  these  liquors,  the 
tannin  combines  gradu.illy  with  the  gelatin,  which,  in  an 
organized  form,  principally  constitutes  thif  skin,  and  fonns 
with  it  a  compound  insoluble  in  water,  dense  fed  imper- 
meable to  that  fluid,  while  it  possesses  a  certain  degree  of 
■lasticttv.     The  extractive  matter  also  enters   into   the 
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combination  $  for  when  skin  in  large  quantity  has  exerted  * 
its  fuU  action  on  a  small  quantity  of  infusi(m«  it  at  length 
abstracts  the  whole  dissolved  matter,  and  renders  it  colour^ 
less..  Fronf  diis  eztractive  matter  colour  is  derired,  and 
the  skin  may  j)erhaps  be  rendered  more  dense.  The  gal* 
lie  acid  was  supposed  by  Segnin  *,  to  facilitate  the  com« 
binatton  by  de-oxidizing  the  skin,  but  of  this  there  is  no 
proof  i  and  the  operation,  it  appears,  can  be  performed 
sufficiently,  though  this  add  is  not  present  in  the  tan  li« 
^vor« 

TTie  opcjratidn  of  tanning,  as  now  described,  requires  a 
number  of  months,  from  the  skins  being  successirely  and 
slowly  introduced  into  infusions  of  difierent  degrees  of 
strength.  Seguin,  after  his  discovery  of  tamnn,  proposed 
to  abfidge  the  process,  by  Introducing  the  skins  more 
speediry  into  strong  infusions  of  the  tanning  substance ; 
and  in  this  way,  according  to  the  excellent  report  given 
on  the  art  of  tanning,  by  Pelletief  and  Lelievre  f ,  the . 
whole  could  be  finished  in  about  twenty  days,  and  leather 
obtained  equal  in  quality  to  that  prepared  by  the  old  me* 
f  hod.  There  is  reason,  however,  to  doubt  of  the  superio- 
rity of  this  new  method.  Mr  Nicholson,  in  some  obser- 
vations on  this  subject,  whe^  a  patent  was  taken  out  for 
Segttin's  method  in  this  country  {,  stated,  that  from  in- 
formation acquired  from  the  manufacturers,  he  found  that 
they  had  preyiously  been  sufficiently  acquainted  with  the 
powers  of  the  strong  tanning  infusions ;  and  that  it  had 
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mn  been  proposed  to  employ  them  so  as  to  abridge  tbc 
process.  But  the  leather  ihiis  prepared  was  not  c«|iul  te 
tint  prepared  in  the  old  method.  The  advantage  of  tht 
slow  and  gradual  process,  appears  to  be>  that  the  satHtanct 
of  ihe  skin  is  penetrated,  and  equally  changed  ;  while  k 
the  more  rapid  method  the  eiiernal  parts  mu&t  be  wctt 
acted  OR  ;  and  the  texture  probably  will  be  more  uneqsil- 
It  appears  also  from  Mr  Davy's  experiments,  to  oombiiK 
with  a  larger  quantity  of  the  extractive  matter  contained 
in  the  astringent  infusion  *,  and  hence  the  adirania^  of  tbt 
immersions  in  the  weak  liquors,  as  these  contain  more  of 
thit  than  the  strong  infusions.  It  must  be  confessed,  hov- 
er cT)  that  for  any  thing  theory  can  discover,  the  cotBPiOB 
process  appears  to  be  unnecessarily  protracted,  niid  toon 
advantage  might  probably  be  derived  ftom  adoptiog  toot 
of  the  manipulations  of  Seguin. 

The  sicin  in  drying  increases  in  v/eight,  from  the  fin- 
lion  of  the  vegetable  matter  ;  the  quantity  of  this  is  frotn 
one-fifth  to  one-third  of  its  weight.    The    iocreise  is   \ 
greater,  according  to  Mr  Davy's  eiipcriments,  from  quick    , 
than  from  slow  tUnning.     In  ilic  hrtei,  he  supposes  more 
of  the  extractive  mailer  enters  into  combination,  and  tLit,  I 
weakening  the  attraction  of  the  skin  to  tannin,  less  of  it  ii  ' 
absorbed,  and  thus  less  vegetable  matter  enters  into  the  | 
composition  of  the  leather.     Probably  also,  in   the  ilo«  ' 
process,  more  of  the  animal  matter  is  removed.  | 

Other  substances  are  used  in  tannin,  as  the  bark  of  ibc 
willow,  elm,  and  other  trees,  and  even  galls  and  catecho. 
The  leather  prepared  from  these  varies  in  colour^  and  in 
some  other  external  qualities. 

Another  application  of  tannin  is  in  the  coiDiwaiiJon  cl 
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writing  ink.  This  is  formed  from  galls  and  sulphate  o( 
iron  macerated  ifi  water^  a  quantity  of  gum  arabic  being 
added  \o  prevent  the  liquid  from  being  too  thin*  It  was 
imagined  formerly,  that  the  black  colour  was  produced 
from  the  action  of  the  gallic  acid  on  the  oxide  of  iron  1 
buit  as  this  acid  is  inferior  to  tannid  in  producing  this  do- 
lottfy  and  as  so  much  tannin  exists  in  the  gsdl  nutf  it  is 
chiefly  kotti  this  principle,  in  combination  with  the  oxide 
of  non,  that  the  colour  must  arise). the  sulphuric  add 
probably  contributing  to  the  solubility  of  the  com^und. 
Tbe  iron  requires^  for  the  full  production  bf  .this  colour, 
to  be  s|t  the  maximum  of  oxidizement ;  and  hmce  ink» 
wben  first  prepared  from  the  green  sulphate,  is  of  a  paler 
ccdour  than  it  afterwards  assumes*  The  vegetable  matter 
is  liable  to-slow  decomposition :  hence  the  mouldiness  of 
ink  when  it  b  long  kept,  and  the  d^cay  of  it  by  age,  so 
that  manuscripts  at  length  become  illegible.  The  colour 
may  be  in  some  measure  restored  in  such  a  case,  by  spread- 
ing over  the  paper  a  dilute  infusion  of  galk  ;  or  a  blue  co- 
lour may  be  produced^  and  the  letters  rendered  visible  by 
a  dilute  solution  of  an  alkaline  prussiate.  On  this  sub^ 
jectf  uxne  observations  were  made  by  Blagden  *• 

Tannin  must  also  be  regarded  as  the  basis  of  the  black 
djetf  these  being  obtained  from  sulphate  of  iron,  acted  on 
by  infnsions  of  galls,  or  other  astringents. 

Tannin,  it  has  been  supposed,  as  a  test  of  gelatin,  may 
aometimes  afford  information  of  importance  in  cases  of 
morbid  affection,  as  it  can  discover  the  presence  of  that 
principle,  and  even  its  quantity  in  the  secreted  fluids. 


*  Philosophicil  Transactiona,  vol.  Ixxvii.  p.  451. 
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TuEKE  exist  in  the  juices  of  many  vegetable,  espectil' 
If  in  their  fruits,  at  certain  states  of  maturity,  compounds 
poaaessed  of  the  general  acid  properties  ;  And  such  aci^ 
are  lilcewiie  found  comtnned  with  some  of  the  proxitniK 
vegetable  principles ;  or  united  with  the  ailcaiis  or  eanhf, 
forming  what  have  been  named  the  Essential  Sal  is  of  Plant*. 
These  native  vegetable  acid^  have  been  classed  together; 
IS  they  have  a  certain  resemblance  in  their  properties,  u4 
in  chemical  composition.  They  are  not  however  to  berr> 
garded  bs  mere  varieties  of  a  apecies :  eac'i  forms  a  speoM, 
or  peculiar  proximate  principle,  perfectly  distinct,  and  with 
differences  as  important  as  exist  among  the  other  imme- 
diate principles  of  plants.  Seven  ncids  of  this  kind  bax* 
been  distinguished,— the  Gallic,  Citric,  Malic,  Owlif, 
Tartaric,  Benzoic,  and  Acetic.  To  these  may  perhaps  be 
added  the  Moroxylic  acid,  which  has  been  more  recently 
distinguiihed,  and  the  Prussic,  though  this  more  ptopetlf 
belongs  to  the  animal  kingdom. 

These  acids  are  of  similar  composition  :  ihry  bare  * 
compound  base  of  carban  and  hydrogen  existing  io  ettK 
in  certain  proportions,  and  acidified  by  oxygen  ;  hrncf, 
by  subjecting  them  to  operations  in  which  the  propoipoH 
are  altered,  they  are  converted  into  each  other.  The  on- 
lie,  citric,  gallic,  and  perhaps  some  of  the  others,  are  thin 
coiiverlibluinto  the  oxalic.  When  subjected  lo  destmc* 
live  distillation,  they  alTord  much  empyteumaiic  acetic 
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y  are  probabljr  to  be  regarded  as  the  most 
liigbly  oxygenized  of  the  r^etable  products. 

Tbe  Gallic  Acid,  the  history  of  which  is  to  be  given 
in  ibia  seclioni  it  has  aJrcady  been  remarlced,  has  an  inti- 
mate connection  with  tanntn.  They  generally  exist  to- 
grther  ;  either  of  them  is  seldom  found  in  any  vegetable 
without  a  portion  of  the  other,  and  it  is  not  yet  certain, 
if  gallic  acid  has  been  obtained  perfectly  pnre. 

This  acid  exists  in  largest  quantity  in  the  gall  nntt 
whence  it  hat  received  its  name.  The  infusion  of  thi» 
•obstancT,  it  had  been  observed  by  the  Dijon  Academi- 
cians has  tome  of  the  properties  of  an  acid  ;  it  reddens 
l}w  infusion  of  litmus:  thry  farther  found,  that  this  prin- 
ciple is  raised  by  distillation,  the  product  of  this  operation 
uriking  a  black  colour  with  salts  of  iron ;  and  that  its  so- 
lution in  water  precipitates  the  alkaline  sulphurets,  and 
decomposes  metallic  solutions*.  Scheele  first  obtained 
the  acid,  however,  in  an  insulated  form,  and  described  its 
propenin.  He  observed,  that  an  Infusion  of  galls  had  de- 
posited a  sediment  of  a  grey  colour,  and  of  a  crystalline 
appearance,  which  had  an  acid  but  not  astringent  tasie, 
xnd  which  precipitated  sulphate  of  iron  black.  To  inres- 
ti^ie  the  nature  of  this  salt,  ho  allowed  a  strong  infusion 
of  galls  to  Ttmain  in  a  vessel  imperfectly  closed  for  some 
nonih*.  A  thick  mould  was  at  first  formed  on  its  sur- 
lacc  i  its  astringent  taste  diminished,  and  its  sourness  in- 
(rea*ed  :  a  sediment  was  at  length  collected  at  the  bot> 
■hit  vas  washed  with  cold  water,  and  thtn  is  much 
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boiling  water  poured  on  it  as  vu  soGBcietit  to  dusoWp  it. 
On  rraporatiog  the  filtered  solutiaa  b^  a  gentle  beat,  a 
ult  was  obuined,  p^inly  in  the  form  of  a  fine  sand,  a.-id 
partly  in  ibe  fonn  of  radiated  ciysials,  of  a  grey  colour 
which  wa»  not  remored  by  reflated  solutions  and  crystal- 
lizations.  This  substance  hu  been  regarded  u  Gallic 
Acid'. 

Other  mciboda  have  been  employed  to  obtain  it.  fnc 
tedious,  and  affording  it,  perhaps,  in  a  stale  of  greater  pv- 
riq'.  Steele  observed,  that  when  galls  are  distilled  with 
a  BtTong  heat,  an  acid  liquor  first  passes  over,  and  after- 
wards a  Gsline  matter  rises,  possessed  of  thr  prnperties  of 
galitc  acid.  This  method  has  been  employed  by  Deyeni  -, 
heat  being  slowly  applied  to  powder  of  gall  nutsin  a  gUts 
retort.  At  iirsi  a  limpid  fluid  condenses  in  tlie  receiver, 
and  afterwards  crystals  of  a  white  colour  condense  in  ihe 
upper  part  of  the  vessel  :  the  heat  is  stopt  whenever  the 
crystals  Cowards  the  lower  part  begin  to  melt,  as,  if  con- 
tinued longer,  a  portion  of  oil  is  volatilized,  and  renders 
them  impure. 

Several  oiher  processes  have  been  proposed.  Mr  Djvy 
found,  that  when  carbonate  of  bnrytes  is  boiltrd  with  an 
infusion  of  gall  nut,  it  affords  3  bluish  green  liquor,  which 
appears,  from  the  common  tests,  to  contain  neither  tannin 
nor  extract.  When  diluted  sulphuric  acid  is  dropt  into 
this  liquor,  it  becomes  turbid ;  sulphate  of  barytes  is  pre- 
cipitated; and,  after  liltration,if  the  saturation  of  the  eanb 
be  perfect,  a  colourless  solution,  apparently  pure,  is  oh- 
tained  f.    Mr  Fiedler  has  employed  the  affinity  of  another 
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tMtb,  up\t  to  abstnct  the  tannin  and  extract,  from  the 
gallic  acid  of  th«  infusion  of  galls.  He  boils  an  ounce  of 
galU  in  sixteen  ounces  of  watet,  until  half  the  quantity  of 
tiqaid  a  ovaporaicd  :  he  adds  to  this  the  quantity  of  argit 
abtaioed  from  the  decomposition  of  two  ounces  of  alum 
by  an  alkaline  solution,  agitating  them  frt^uemly.  After 
iM'enijr-four  hours,  the  liquor  being  filtered,  passed  colour- 
Intt — *  proof  thitt  the  extract  had  been  abstracted  i  and 
it  was  not  rendered  turbid  by  solution  of  gelatin, — a  proof 
thit  the  tannin  had  altio  been  removed.  This  liquor  be- 
>ng  concentrated  by  evaporatioOt  afforded  the  pure  gallic 
acid  in  icicular  crystals  *.  Richter  hag  given  another 
process,  in  which  an  infusion  of  galls  tn  cold  water  is 
evaporated  to  dryness.  Pure  alkohol  is  poured  on  the  dry 
flutter :  it  dissolves  the  gallic  acid,  and  leaves  the  tannin 
uudissolred :  the  alkohol  is  ditiilled  from  the  solution  to 
nearly  a  solid  mass.  Water  is  added  to  this,  and  a  gentle 
beat  applied.  A  st^ution,  dear,  and  almost  colourless, 
u  obtained,  which,  by  evaporation,  affords  small  white 
pfitmatic  crystals  of  gallic  acid,  about  half  an  ounce  of 
(betn  being  obtained  from  a  pound  of  galls  -f. 

It  i<  very  doubrful,  whether,  by  any  of  these  procetjes, 
gallic  acid  is  obtained  free  from  other  principles.  As  ob- 
tAioed  by  |he  first  process,  that  of  Schcele's,  it  always,  at 
bu  been  remaiked  by  Berthollet,  retains  a  portion  of  lan- 
nin.  He  endeavoured  to  abstract  this  by  the  action  ot 
oxide  of  tin,  and  Proust  employed  muriate  of  tin  for  tin 
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!  puqiose,  dropping  it  into  the  soluiion  of  the  ici, 
vhiic  any  flocculi  precJpUaie,  and  erapoTUing  the  iiitend 
liquor,  till  on  cooling  ii  afforded  crystals  ■.      But  L»- 
I  grange  founil  by  experiment,  that,  if  a  small  quantity  of 
Aiidc  of  tin  were  employed,  the  tannin  is  not  compkielf 
^iraeted  ;  and  if  a  larger  quantity  were  used,  the  gallii 
Kid)  as  well  as  the  tannin,  ie  decomposed  ;  the  6liet«l 
Eolucton  neither  precipitating  gelatin,  nor  sulphate  of  iton, 
and  affording  no  gallic  acid  by  crapotaiion  |.     The  p»o- 
cesB  of  Fiedler,  in  which  the  affinity  of  argil  is  employed 
(o  abetract  the  tannin,  Mr  Davy  found  to  be  deGcietii^ 
the  filteied  liquor,  after  the  argil  had  acted  on  it  in  the 
cold,  gave  a  slight  precipitate  with  gehtln ;  whilei  if  the 
argil  were  boiled  with  it,  the  gallic  acid  itself  was  abstricC- 
«d.     The  action  of  baryics  is  probably  liable  to  the  same 
difficulty.    The  method  of  Richier  was  found  by  Lagrangv 
not  to  succeed,  the  acid  either  not  being  purified  from  the 
tannin,  or  being  decomposed.     There  remains,  therefore, 
only  the  process  by  sublimation  ;  and  ii  is  still  to  be  de- 
termined, whether  the  crystallized  substance  obtained  by 
this  process  I)  the  pure  gallic  acid. 

Lagrange  has  compared  it  with  the  crystallized  acid  ob- 
tained by  the  process,  of  Schecle,  The  latter  he  found 
imparted  to  water  a  slight  lemon  colour,  which  becomes 
deeper  by  the  action  of  the  air ;  it  reddens  infusion  of  lit* 
mus ;  lime  water  produces  in  it  a  blue  colouTt  which 
changes  to  that  of  peach  bloom  if  the  lime  water  be  in 
excess,  and  to  a  rose  colour  on  the  addition  of  nitric  acid. 
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The  fame  phenomena  lake  pl»ce  with  wn^r  of  barytei. 
Totath  changci  ii  to  a  deep  btown,  and  ammi'inia  to  a  red- 
dish brown.  With  green  sulphate  of  iron  it  gives  a  violet 
blue»  with  nilrate  of  mcTCury  it  gi*es  a  yellow  precipi- 
tate I  with  acetate  of  lead  and  munate  of  tin,  one  that  is 
white.  It  is  not  altered  by  oxymuriatic  acid.  It  give*  a 
copion)  precipitate  w-iii  glue.  With  the  acid  prepared  by 
Riciiter's  process,  the  results  from  ihe^c  re-agents  were 
dtniUr. 

TTiB  juHimrJ  acid,  Lagrange  found,  when  dissolved 
in  wiier,  to  emit  an  aromatic  odour,  and  a  slightly  oily 
pellicle  appeared  on  its  surface.  Its  solution  becomei 
bmwn  on  exposure  to  the  air  ;  it  Faintly  reddens  infusion 
of  litmuf ;  lime  water  in  excess,  and  barytes,  give  it  % 
fawn  colour :  Potash  end  ammonia  render  it  hrown. 
Sniphaie  of  iron  dropt  into  it  produces  a  blue  colour,  which 
toon  charges  to  a  violet  blue  \  sometimes  the  colour,  in- 
cteul  of  being  blue,  is  a  deep  green,  apparently  from  the 
degree  of  oxidation  of  the  metal  \  and  from  llio  action  of 
muriate  of  iron  it  is  always  so.  With  nitrate  of  mercury  the 
precipitate  is  blackish  j  with  acetate  of  lead  it  is  fiwn  co- 
lonred  and  very  light ;  muiiatc  of  tin  produces  no  charge ; 
osymoriatic  acid  gives  its  solution  a  brown  tinge  ;  and  an 
excess  deprives  it  of  colour,    ft  does  not  prcL'ipitate  glue  *. 

TTiise  differences  do  not  appear  very  important,  and 
thrir  cjotcs  may  probably  be  pointed  out.  The  sublimed 
icid  appears  to  contain  a  small  portion  of  volatile  oil, 
wlience  the  odour  of  its  Solution,  and  probably  some  of 
the  phenomena  displ^ed  in  the  eftccts  of  re-agents  upoa 
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it  way  ari»e.  The  crj'stallized  acid  obviously  containi 
tannin,  whence  it  precipitates  gelatin  abundantly,  and  to 
this  some  of  its  othi-r  properties  may  be  ascribed.  It  ap- 
pears also  to  be  more  powerfully  acid,  and  it  is  not  luipro- 
babie  that  tliis  may  be  owing  Co  a  portion  of  some  other 
vcgetsblc  acid  {ihc  acetic,  as  Lagrange  conjectures}  Sii- 
hcrtngtoit.  From  these  differences,  it  is  probable  that  iKe 
sublimed  acid  is  that  which  approaches  nearest  to  purity  i 
though  it  is  also  possible,  that  by  the  process  of  sublima- 
tion it  may  have  experienced  some  change. 

From  some  farther  experimems,  Lagrange  has  advaocc^l 
ihe  opioion,  thai  the  galUc  acid  obtained  by  Scheele's  pro- 
cess is  a  compound  of  acetic  acid  with  tannin  and  ci- 
tractivc  matter  i  the  sublimed  acid  being  also  the  acetic 
combined  with  less  of  tliesc  principles,  and  having  united 
with  it  a  little  volatile  oil.  The  only  proofs  given  of  this 
opinion  are,  that  on  distilling  galls  either  with  or  without 
water,  an  acid  liiguid  was  obtained,  which,  when  satura- 
ted with  potash,  evaporated,  and  decomposed  by  sulphuric 
acid,  gave  indicatious  of  acetic  acid ;  and  acetic  acid 
was  also  afforded  from  the  decomposition  by  heat  of 
the  alkaline  and  earthy  gallatc»,  —  facts  which  might  be 
admitted,  without  the  conclusion  following,  (hat  gal- 
lie  acid  is  merely  a  form  of  acetic  acid.  It  cannot 
be  regarded  as  at  all'  probable,  that  acetic  acid,  by  com- 
bination with  tannin  or  extract,  should  acquire  the  pro- 
perty'of  crystallizing;  and  the  opinion  of  Lagrange  re«M 
indeed  principally  on  the  vague  hypothesis,  that  acetic  a- 
cid  ii  the  baEis  of  all  the  vegetable  acids.  Ic  is  at  ibe 
s^me  time  to  be  admitted,  that  there  is  some  obscurity 
K-'.th  regard  to  the  iiamre  of  gnllic  acid,  and  its  chemical 
l.ijtoiy  i~  even  impsrfict,  a»  it  relates  to  its  propcnies, 
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frop  the  uncertainty  of  its  having  been  obtained  in  a  pure 
•tate.  This  requires  to  be  kept  in  view  in  the  following 
account  of  its  chemical  relations. 

The'add  in  its  purest  state  is. of  a  white  colour,  and 
crystallizes  in  slender  prisms;  its  taste  is  isour ;  and  its 
solution  reddctis  the  vegetable  colours,  and  excites  eTer- 
vescence  with  the  alkatine  carbonates. 

It  is  soluble,  according  to  Scheele's  experiments,  in  its 
weight  and  a  half  of  boiling  water :  the  solution  as  it  cools 
becomes  turbid,  from  the  formation  of  small  crystals; 
and  it  requires  24  parts  of  cold  water  for  its  solution.  It 
is  more  soluble  in  alkohol :  dissolving  in  its  own  weight 
when  the  Alkohol  is  boiling,  andrequiring  about  four  parts 
when  the  alkohol  is  cold. 

When  exposed  to  heat,  it  fuses,  giving  an  agreeable  o* 
dour,  and  leaving  a  hard  coal,  which  is  with  difficulty  re- 
duced to  ashes.  When  the  operation  is  performed  in  a 
retort,  after  it  has  melted,  an  acid  liquor  comes  over,  with- 
out  any  oil ;  and  a  portion  of  it  sublimes,  remaining  fluid 
while  the  neck  «f  the  retort  is  hot,  but  shooting  into  cry- 
stals as  it  cools.  A  large  quantity  of  charcoal  remains 
in  the  retort.  The  sublimed  acid  has  nearly  the  same 
taste  and  odour"as  the  acid  of  benzoin,  and,  as  has  already 
been  remarked,  differs  somewhat  from  the  other  in  chemi- 
cal properties.  Deyeux  stated,  that,  during  the  decomposi- 
tion of  this  acid  by  heat,  an  aeriform  fluid  is  disengaged, 
which  contains  oxygen  gas  in  larger  proportion  than  at- 
mospheric air ;  he  concluded,  that  it  consists  of  carbon  and 
oxygen,  since  it  is  resolved  into  these  in  its  decomposition; 
and  that  it  contains  more  carbon  than  carbonic  acid  *.  Ber«> 
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thollet  obtained  no  oxygen  fas  from  its  dccompos'tt ion  i 
and  Lagrange  found,  that  the  elastic  fluid  disengaged  hai 
an  inCcrmiicture  of  carburctted  hydrogen.  Hydrogen  there- 
fore exists  in  the  composliian  of  this  acid,  though  the  pro- 
poTiion  of  carbon  it  contains  is  undoubtedly  large.  Scheele 
fouiid,  that  by  treating  it  with  niiric  add  in  the  utml 
manner,  ii  is  converted  into  oxalic  acid. 

This  acid  combint^s  with  the  allcalis  and  earthi,  formitig 
salts  denominated  Gallatcs,  the  properties  of  which  bare 
been  little  examineJ.  Richicr  has  remarked,  thai  the  al- 
kaline gallates  form  black  precipitates  with  solutions  of 
iron,  and  likewise  precipitate  all  other  metallic  soluiioni. 
Lagntnge  has  Slated,  that  they  scarcely  precipitate  glue, 
«vcn  when  the  acid  from  which  they  are  formed  precipi- 
tates it  copiously,  owing  no  doubt  to  the  tannin  which  ii 
present  being  retained  in  combination  with  the  saliiK  mat- 
ter. The  alkaline  gallates  have  a  considerable  degree  of 
solubility  i  they  have  often  a  green  colour,  probably  from 
impregnation  of  foreign  matter. 

Scheele  remarked,  that  gallic  acid  precipitates  metals 
from  their  solutions  of  different  colours  -,  and  he  added 
several  facts  with  regard  to  these  precipitations,  whichi 
however,  are  of  less  value,  as  the  acid  he  employed  matt 
have  contained  tannin.  Its  solution  gives  a  dark  greea  co- 
lour to  a  solution  of  gold,  and  makes  it  depogite  by  degree) 
a  blown  powder,  which  is  gold  revived.  A  solution  of 
silver  is  rendered  brown,  and  deposites,  if  warm,  a  grey 
powder,  which  is  silver  in  its  metallic  state.  A  solution 
of  mercury  is  precipitated  of  an  orange  yellow,  A  solu- 
tion of  copper  yields  a  brown  sediment.  Acetated  lead 
i;  precipintff!  of  a  vi-Iiitc  colour.     Bismuth  gives  a  lemon 
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Cgloured  precipitate.  The  acid  of  molybdaena  becomes  of 
a  dark  jrellow,  without  any  precipilalinn.  Platina,  zinc, 
the  acid  of  arsenic,  tin,  cobalt,  and  the  regulus  of  manga- 
nesei  undergo  no  change  •. 

Gallic  acid  gives  a  black  colour  with  the  salts  of  iron  t 
the  precipitate  on  which  ihis  depends  is,  as  Proust  has  re- 
marked, much  liner,  and  remains  longer  suspi^nded  than 
that  from  tannin.  In  this  action,  the  gallic  acid  appears 
lo  have  nearly  the  same  relation  lo  the  oxide  that  tannin 
has.  WTien  added  to  (he  solution  of  the  pure  and  neu- 
tral green  sulphate,  it  produces  no  change  of  colour  imtne- 
diateljr,  but,  from  exposure  to  the  air,  the  daric  colour  ap- 
pears. According  to  Proust's  view  of  the  subject  +,  this 
is  owing  to  the  iron  in  the  green  sulphate  not  being  ni- 
ficirotlf  oxidized  to  form  the  coloured  compound  ;  and 
exposure  to  the  atmosphere  produces  the  colour,  by  pro- 
ducing this  higher  oxidizemeni  of  the  meial.  Benhollet 
has  CODModed,  however,  that  other  causes  operate  in  the 
production  of  this  coloured  corabination,  and  that  the 
theor)r  of  tt  is  not  so  simple.  He  has  remarked,  that,  if 
the  acid  has  been  added  to  the  solution  of  the  sulphate  of 
iron  without  producing  the  dark  colour,  it  appears  on  1-irge 
dilution  with  water,  or  on  the  addition  of  a  little  alkali 
wkhoat  the  contact  of  the  air ;  or  if  a  little  iron-lilings 
be  pat  into  a  flask  of  the  mixed  solutions,  colour  is  acquir- 
ed rapidly,  though  their  c&ect  must  be  de-ojtidiain^.  He 
supposes,  therefore,  that  the  gallic  acid  does  not  form  the 
black  coloured  precipitate  with  the  green  sulphate  of  iiou, 
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DM  from  the  low  slate  of  osidizemcm  mcrelj-,  but  b«causa  ' 
ihe  sulphuric  Kxd  enerts  too  strong  an  affmiiy  to  llic  black 
oxMe.  But  if  the  action  of  ihe  sulplmric  acid  be  wcjk- 
ent-il  by  a  suffidi-nt  quaniity  of  w.ittr,  by  an  alkali,  or  by 
iron  acting  on  it,  tlien  the  oxide  may  combine  with  the 
gallic  acid;  and  a  higher  degree  of  oxrdizcment,  such  3B 
that  which  exists  in  the  red  sulphati?,  favoura  the  coitibU 
nation,  from  the  meial  in  that  state  having  a  less  strong 
ittTaction  to  the  sulphuric  n^id,  though  he  also  admits, 
thai  highly  oxiiUtcd  iron  produces  a  deeper  colour  with 
gallic  acid  than  iron  !n  a  lower  state  of  oxidadoii  '.  Rich- 
ter  has  adopted  the  same  views,  and  has  maintained,  that, 
when  a  solution  of  gallic  acid  immediately  forms  a  black 
precipitate  in  neuirtl  solutions  of  iron,  it  is  not  pure^  and 
commonly  contains  tannin,  whidi  combines  with  the  sul- 
phuric acid,  and  separates  from  it  the  oxide  of  iron,  witich 
then  combines  with  the  gallic  acid  f .  And  it  \i  not  im- 
probable, but  that  the  colour  which  ihis  acid  produces  with 
the  salts  of  iron,  may  in  all  cases  be  owing  to  a  portion 
of  tannin,  which  remains  combined  with  it. 

According  to  Proust,  gallic  acid  dissolves  tannin,  or  ra- 
ther renders  it  more  soluble  in  wnter.  Partly  from  this, 
and  partly  from  both  principles  forming  compounds  with 
oxide  of  iron  of  a  bhck  colour,  arists  the  advantage  de- 
rived from  their  combination  in  the  formation  of  inks  and 
black  dyes,  or  the  superiority  of  a  mere  infusion  of  a  ve- 
getable astringcjit  containing  both,  as  the  gall  nut,  to  the 
use  of  either  in  a  purer  state.     These  applications,  which 

•  Chemical  Siatit!.,  «ol.  ii.  p.  •2-^-2. 
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^nly  partly  depend  on  the  agency  of  gallic  acid,  hare  been 
already  taken  notice  of  under  the  history  of  tannin. 


SECT.  XVI.  ^    ^ 

or  MALIC  ACID. 

ScHEELB,  in  examining  the  acid  juices  of  unripe  fruits 
found  thsU  they  consisted  of  two  acids^  mingled  in  differ- 
ent proportions  ;  one>  which,  existing  in  abundance  in  the 
fruit  of  the  lemon,  he  named  Acid  of  Lemons,  and  to 
>rhich  the  name  of  Citric  Acid  has  since  been  given ;  the 
ether,  which,  from  composing  principally  the  juice  of  un- 
vtpe  apples,  he  named  Acid  of  Apples,  and  which  has  since 
xeceived  the  appellation  of  Malic  Acid.    The  fruit  of  the 
gooseberry,  of  currants,  bilberries,  cherries,  strawberries, 
and  raspberries,  contain  nearly  equal  quantities  of  both 
acids:   cranberries,  whortleberries,  birdcherries,  and  dog* 
lips,  contain  the  citric,  with  little  of  the  malic  acid ;  while 
the  juice  of  the  barberry,  elderberry,  sloe,  and  plumb, 
consists  of  the  malic  acid,  with  little  or  no  traces  of  the 
citric.     It  is  probable,  however,  that  the  proportions  of 
these  in  the  ^me  fruit  vary  at  different  periods  of  vegeta- 
tioo,  fmd  may  be  altered  by  culture  and  climate.      The 
^btory  of  the  Malic  acid  is  first  to  be  given. 

The  process  which  Scheele  gave  for  its  extraction  is  to 
saturate  the  expressed  juice  of  unripe  apples  by  the  addi- 
tion of  carbonate  of  potassa  :  to  the  saturated  liquid,  ace- 
tate of  lead  is  added,  as  long  as  there  is  any  precipitation: 
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the  fiT«cipitaic,  which  is  the  compound  of  malic  acid,  luii 
oxide  of  lead,  ia  washed,  and  dllutc^d  sulphuric  acid  addrd 
nniil  the  mixture  hjs  a  perfectly  acid  tn.st?,  without  an^ 
sweetness  :  the  mjlic  acid  thus  discng.tgcd  \&  Gepar^tedb]' 
filtration  from  the  sulphate  of  lead  *. 

When  it  exists  in  fruits  in  combination  with  citric  aciJ, 
the  process  whicli  Schcele  employed  to  separate  ihem, 
was  to  evaporate  the  expressed  juice  lo  the  consistence  of 
honey,  and  then  dissolve  it  in  alltohol ;  the  muciUgtnout 
matter  was  thus  removed,  and  the  two  sciJs  existed  in  the 
solution.   Tliis  being  filtrated,  the  alkohol  was  e«apor>tfll| 
and  to  the  remaining  acid  fluid  twice  its  weight  of  wMn 
wat.addcd.     It  was  then  saturated  with  chalk  :  the  citric 
acid  forms  with  the  lime  of  the  challt  an  insoluble  com- 
pound, which  is  precipitated,  the  precipitation  being  pr^  ^ 
motfd  by  bo'iling  the  litjuor  :i  lliile.     The  compound  of 
lime  and  malic  acid  which  remained  in  solution  was  pre- 
cipitated by  alkohol,  and  washed  with  that  fluid,  to  ctfrn-j 
off  any  saccharine  or  other  vegetable  matter  :    the  mal».  "it 
of  lime. was  decomposed  by  the  addition  of  acetate  of  le^L-^t 
and  the  malate  of  lead  thus  obtaitied  decomposed  by  st.:vl- 
phuric  acid,  as  in  the  preceding  process. 

Malic  acid,  it  was  also  found  by  Schecic,  can  be  arti  ^■ 
cially  formed.  Sugar,  when  acted  on  by  nitric  acid,  « 
convened  principally  into  oxalic  acid  {  but  Scheele  observ- 
ed, that  in  this  process  a  cjuantitv  of  malic  acid  is  also  pro- 
duced. If  the  oxalic  ncid  formed  be  separated,  by  adding 
lime-water  as  long  as  there  is  any  precipitation,  there  stiil 
remains  in  solution  another  acid,  which  neither  gives  anj 
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indication  ctf  nitric  acid,  nor  precipitates  lime-water.  Thia 
is  the  malic  acid^  wluch  he  separated  by  a  process  similar 
to  diat  last  described,  Scheele  lutving  discovered  this  fact^ 
examined  the  results  of  the  action  of  nitric  acid  on  a  num- 
ber of  other  vegetable  substances^  and  found^  that  various 
mudlageSf  iecula,  and  extractive  substances^  afibrded  it, 
generally  with  oxalic  and  sometimes  witk  sacpho-lactic 
acid.  Eseential  oils  yielded  little  of  ekher^  and  animat 
svbstances  aflbrded  portions  of  them  only  when  acted  on 
by  concentrated  nitrous  acid.  OtymurNUic  ^cid  forms  it 
from  gums  more  readily  than  nitric  acid  does. 

Malic  acid  is  not  susceptible  of  crystallisation.  By  this 
it  b  distinguished  from  the  other  vegetable  acids,  and  is 
aba  capable  of  being  more  easily  detected  when  mixed 
^  them,  as  it  forms  the  uncrystallizaUe  residue  of  the 
li^  from  which  they  have  crystallized.  When  much 
mporatedj  it  becomes  thick  and  viscid.  Its  solution^ 
^1^  strong,  is  of  a  brownish  red  colour,  has  a  very  sour 
t^tte,  and  reddens  immediately  the  vegetable  colours. 

Whin  exposed  to  heat,  it  is  easily  decomposed :  its  co« 
1^  darkens  \  it  swells,  exhales  an  acrid  vapour,  and  leavea 
^  luminous  coal.  When  subjected  to  destructive  dis- 
^Uation,  the  products  are  an  acid  liquid,  hiuch  carbonic 
acid' gas,  with  carburetted  hydrogen,  and  charcoal.'  The 
^<^<1  liquid,  according  to  Feurcroy,  is  the  empyreumatic 
^^,  or,  as  it  was  named,  pyro-mucous  acid. 

Malic  acid,  in  the  state  of  its  watery  solution,  suffers, 
when  kept,  spontaneous  decomposition. 

It  is  decomposed  by  the  more  powerful  acids :  sulphuric 
add  chars  it :  nitric  acid  converts  it  into  oxalic  acid. 

It  unites  with  the  alkalis  and  earths,  forming  salts  de- 

Vol.  IV.  *         ,  U 


3IM3  UF  MALIC  ACIP. 

uominateil  Malites,  the  properties  of  which  have  scarcelf 
been  examined  but  by  Schcele.  With  the  allcaiJs  it  fonn» 
salts,  which  he  remarks  are  deliquescent.  With  lime  it 
forms  a  salt,  when  neutral,  in  small  iiregubi  crystals, 
which  require  a  large  quaiitit]'  of  boiling  water  for  their 
solution  ;  but  when  there  is  a  slight  excess  of  acid,  they 
are  readily  soluble  io  cold  water.  In  combining  withbs- 
rytes,  the  results  aie  similar.  Dy  the  comparative  solubU 
lily  of  these  combinations  with  this  earth,  it  is  easily  distin- 
guished from  oxalic  and  some  of  the  other  vegetable  acids. 
With  argil  it  affords  a  neutral  salt,  which  is  not  easily  so- 
luble in  water ;  with  magnesia,  a  deliquescent  salt. 

Malic  acid  acts  on  same  of  the  metals,  Schecle  obser- 
ved, that  it  dissolves  iron  and  zinc  :  the  solution  of  ma- 
late  of  tion  is  brown,  and  not  crystal liz able  ;  that  of  zinc 
yields  regular  crystals.  He  adds,  that  upon  the  other 
metals  it  has  no  perceptible  effect.  It  combines,  however, 
with  their  oiides,  and,  in  consequence  of  such  combina- 
tions, causes  precipitates  in  several  of  the  metallic  solu* 
tk>ns.  It  precipitates,  in  particular,  the  nitrates  of  mer- 
cury, lead,  and  silver,  by  which  it  may  be  distinguished 
from  citric  acid,  wtuch  does  not  occasion  precipitation  in 
these  Bolutionr.  It  also  decomposes  the  solution  of  gold, 
and  even  reduces  the  oxide  to  the  metallic  state. 
This  acid  is  applied  to  no  use. 
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It  is  this  acid  which  exists  in  the  juice  oP  the  lemon 
and  lime,  and  gives  it  its  sourness.  It  is  mixed  with  mu* 
cilaginous  and  extractive  matter ;  and  we  are  indebted  to 
Scheele  for  the  process  by  which  the  acid  is  obtained  pure^ 
sind  for  the  knowledge  of  its  properties  in  this  state. 

He  founds  that  it  could  not  be  obtained  pure  and  crys- 
talUzed  by  mere  evaporation  of  the  lemon  juice,  and  that 
^en  the  addition  of  alkohol  did  not  separate  completely 
the  foreign  matter.  The  process  he  followed  is  to  saturate 
the  expressed  juice  of  the  lemon,  by  the  addition  of  chalk. 
The  citric  acid,  combining  with  the  lime^  forms  an  insolu- 
ble compound,  which  precipitates.  This  is  washed  with 
^^vm  water,  until  the  water  pass  off  colourless ;  and  thus 
^  mudlage  and  extractive  matter  are  abstracted.  The 
citrate  of  lime  is  then  subjected,  in  a  matrass,  to  the  ac- 
tion of  as  much  sulphuric  acid,  previously  diluted,  as  is 
sufficient  ta  saturate  the  lime  of  the  quantity  of  chalk  that 
"^  been  employed.  The  citric  acid  is  disengaged  and  dis- 
solved by  the  water  :  the  mixture  is  boiled  for  a  few  mi- 
outes,  to  facilitate  the  precipitation  of  the  sulphate  of  lime, 
^i  k  filtered.  The  filtered  liquor  is  evaporated  to  the 
<^OQ8i8tence  of  syrup,  any  sulphate  of  lime  separated  during 
^G  evaporation  being  withdrawn  i  and,  on  cooling  and 
standing  for  some  time,  the  citric  acid  is  obtained  in  needle- 
lile  crystals.     Scheele  found  it  useful  to  add  a  slight  ex- 
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cess  of  sulphuric  acid,  which  afterwards  remained  in  the 
residual  liquor ;  and  Dizc,  in  some  observations  on  ttuj 
process  *,  has  remarked,  that  this  is  requisite  to  decont- 
,  pose  and  facilitate  the  separation  of  a  portioa  of  mucilige 
or  extractire  matter,  whicii  adheres  to  the  citric  acid  when 
,  3t  comhines  with  the  lime,  and  vhich,  when  the  acid  it 
yfierwards  disengaged,  opposes  Its  crystalliziiuoB.     Tias 
y  the  free  sulphuric  acid  chars  towards  the  end  of  the  en- 
I  Jipratioii.     It  is  not  improbable,  however,  but  thai  tbc 
r  lirowQ  or  black  colour  whidi  the  acid  a^Lumes  at  that  stJgCi 
>  when  an  excess  of  sulphuric  acid  is  present,  may  be  en- 
iDgi  as  Mr  Nicholson  remarked,  to  the  action  of  tlut  toi 
^  tile  citric  acid  iteelfi  EUtd  Proust,  in  some  obsenrations 
D  the  process,  has  observed,  that  if  too  great  &Deicru of 
(uiphuric  acid  be  us«d,  this  happens,  and  the  cvaporaIc4     ' 
dtiid  does  not  even  crystallize  f .    He  has  added  soow  btXk    j 
with  regard  to  l!ii?  proporuoi.s,  that  may  be  usefulinccfl-     | 
ducting  the  process.    Four  ounces  of  ch,.lk,  saturated  will) 
iesoon  juice,  re<]uired  for  the  saturation  Hi  ouncesi  w*i 
from  thii  'h  ounces  of  dry  citrate  of  lime  were  c4ilatfn^~— 
The  four  ounces  of  chalk  required  for  its  saturatioa  X^D 
ounces  of  a  diluted  sulphuric  acid,  composed  of  one  p^^^ 
of  the  commctf)  sulphuric  acid,  with  three  of  vrata;  ao^^ 
of  course,  this  is  the  quantity  of  that  acid  to  be  used  ia  i^    "^ 
composing  this  quantity  of  citrate  of  lime. 

Citric  acid  exists  in  a  number  of  other  fruits,  from  «hi^^ 
it  may  be  extracted,  and  much,  I  believe,  of  wbaiu  ^ 
present  found  in  the  shops,  is  prepared  from  the  juic*  * 


*  NichulBOD''B  Jourcial,  iw,  vol.  ii.  p.  43. 
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tbe  lime.  From  Vauquelin's  analysis  of  the  pulp  of  the 
timnrind  *,  it  appears  to  be  the  chief  aciil  constituent  of 
that  fniU  {  one  pound  of  the  common  prepared  pulp  of  rhe 
shops,  cotifaining  an  ounce  and  a  half,  with  smaller  quan- 
tities  of  milic  and  tartnnc  acids. 

Citric  acid  chliined  by  a  first  crystallization,  is  not  per- 
fectly white,  hut  it  becomes  so  when  the  cryslallization  is 
repeated.  Its  erystats,  when  regular,  are  rhomboidal  prisms, 
ictiminated  by  four  phnes.  Its  acid  powers  are  very  con- 
cidenbte :  its  taste  is  oxtremcly  sour,  and  almost  caustic ; 
ind  it  instanlly  reddens  the  vegetable  colours. 

Exposed  10  heat,  the  crystals  melt,  from  the  solvent 
power  of  their  water  of  crystallization  ;  by  the  continw- 
ancc  of  tlie  heat,  the  acid  EufTers  decomposition,  exhales 
m  acrid  vnponr,  and  is  reduced  to  a  coal.  Subjected  to 
d«tTticti»c  distillation,  it  affords  an  aCid  liquor,  which  apt 
p«ars  to  be  the  ac«iic,  and  afterwarits  carbonic  acid  gas  and 
caAuretted  hydrogen,  leaving  a  light  charcoal. 
.  fhii  acid  is  very  soloblc  in  water.  At  a  moderate  fern- 
j»eTMurf,  100  pans  of  water  dissolve,  according  to  Vau- 
quefin,  75  parts,  cold  being  produced  during  the  solu- 
Hon  •  at  21^",  it  disaolv.-'E  twice  its  weight  of  it.  Like  the 
othrt  vegetaMe  aciJs,  its  solution  tindcrgoes  spontancou* 
^^^omposition,  though  not  very  readily, 

Tile  more  powerful  acids  decompose  it,  though  with 
""he  difiicnlty.  Concentrated  sulphuric  acid  converts  it, 
According  to  Fourcroy,  into  ace^c  acid.  Schcele  remark- 
*^i  that  nitric  acid  did  not  convert  ir^  at  it  does  some  of 
i  ^tAtx  Tegetablc  acids,  into  oxalic  avid  ;  but  Fottrcroy 
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and  Vauquelin  liave  found,  that  when  acted  on  by  a  large 
quantity  of  nitric  acid  for  a  long  time,  it  afibrdg  2  snuU 
portion  of  oxalic,  with  a  larger  portion  of  acetic  acid. 

Citric  acid  combines  with  the  alkalis  and  earths,  fann- 
ing salts  denominated  Citrates ;  the  properties  of  wbidi 
have  been  examined  with  care  by  Vauquelin,  the  resslti      ! 
of  whose  expeiiments  have  been  stated  by  Fourcroy  •. 

The  citrate  of  potaasa  is  very  soluble,  does  not  crystal- 
lize but  with  difhculty,  and  is  deliquescent:  its  taste  it 
purely  saline,  and  rather  mild.  It  contains  55.55  of  add, 
and  4*. 4-5  of  alkali.  Citrate  of  soda  is  likewise  very  so- 
luble, requiring  liitie  more  than  its  weight  of  water  for  its 
solution }  it  crystallizes  in  six-sided  prisms,  and  the  CTy»- 
tals  are  slightly  efflorescent.  Their  taste  is  faintly  saline : 
the  proportions  of  the  solid  salt  are  60.7  of  acid,  and  39.3 
of  soda.  Citrate  of  ammonia  is  even  more  soluble  than  the 
others,and  does  not  crystallize  but  when  its  solutionis  much 
concentrated :  the  form  of  Its  crystals  is  an  elongated  prism. 
It  consists  of  62  of  acid,  and  38  of  ammonia.  The  earthy 
citrates  are  in  general  less  soloblc.  When  the  solution  of 
barytes  Is  poured  into  the  acid,  a  precipitate,  soluble  in 
the  liquid  by  agitation,  is  formed ;  when  the  whole  is  sa- 
turated, the  salt  is  deposited  at  first  in  the  form  of  a  pow- 
der, which  is  covered  afternrards  with  a  kind  of  crystalline 
efflorescence,  and  which  a  large  quantity  of  water  dis- 
solves. Ii  consists  of  50  of  add,  and  50  of  base.  When 
the  citric  acid  is  saturated  by  lime,  small  crystals  are  de- 
posited, which  are  very  sparingly  soluble  :  100  parts  con- 
tain 62.66  of  acid,  and  37.34  of  lime.     When  saturated 


*  System  of  Chemical  Knowledge,  vol.  vii.  p.  28S. 


OF  CITIUC  ACin. 


311' 


\Y  magnesia,  the  conciriitTated  solution  does  not  eiiilj  crys^  1 
nlHse  regularly,  but  rather  assumes  ibe  state  of  a  whitv^: 
opaque,  and  spongy  salt.    The  proportions  of  the  salti  uwi 
66.66  of  acid,  and  33.34  of  base. 

Vauquelin  haa  likewise  examined  the  action  of  c'\nJt'  > 
acUl  on  (he  metals.  It  does  not  dissulve  silver,  but  it  com-. 
binrs  with  its  oxide>  aiid  forms  a  salt  insolutile,  of  a  harsh' 
and  erroDg  meullic  taste,  and  which,  like  the  other  salts 
of  silver,  is  blackened  by  light :  it  is  also  decomposed  by 
beat,  leaving  metallic  silver,  intermixed  with  charcoal.  It 
COntisM  of  36  of  acid,  and  64'  of  oxide.  Quicksilver  i» 
•carcely  more  acted  on  by  citric  acid,  but  its  oside  com- 
bines with  it:  thercdoxide,  when  added  to  th«  acid,  causes 
•n  effervescence,  and  becomes  white  and  solid  -.  the  salt  is 
not  preceplibly  soluble  in  water,  but  is  decomposed  by  it, , 
ibe  water  becoming  milky.  It  is  decomposed  by  heat,  and 
tbc  Oxide  is  reduced.  Ztnc  is  dissolved  readily  by  a  solu- 
tion of  citric  acid,  hydrogen  gas  being  diseng.(ged  ;  and 
the  solution,  after  some  hours,  deposites  bmall  brilliant 
ayttals  insoluble  in  water  :  100  parts  of  this  sale  contain 
BMrly  equal  parts  of  acid  and  oxide.  Iron  is  dissolved  in 
the  same  manner  :  the  solution  is  of  a  brown  colour,  and 
t^  tponuneous  evaporation  it  deposites  small  crystals. 
Enporaicd  by  heat,  it  becomes  black  and  pulverulent.  This 
salt  is  very  soluble  in  water  ;  its  taste  is  very  astringent : 
it  consists  of  30.58  of  oxide,  and  6!).62  of  acid. 

As  affording  chemical  char.iclers  by  which  this  acid 
may  be  distinguished,  ic  may  be  added,  that  solutions  of 
dw  acfltatcs  of  magnesia,  lime,  and  argil  ;  of  the  muriates 
of  baryies,  lime,  argil,  and  magnesia ;  and  of  the  nitrates 
jtad  sulphates  of  these  substances,  undergo  no  apparent 
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change  from  the  addition  of  citric  acid.  The  muriates  and 
nitrates  of  zinc,  the  sulphate,  muriate,  nitrate,  and  acetiie 
of  copper,  and  tlie  nitrate  of  lead,  are  not  decomposed  by 
it  i  but  the  acetite  of  lead  gives  immediarely  a  precipitate 
of  a  white  powder.  The  nitrate  and  acetite  of  mercury 
are  also  decomposed,  and  a  precipitate  of  a  brick  red  co- 
lour thrown  down.  The  acetite  and  sulphate  of  iron  iu 
solution,  receive  from  it  a  green  tinge  *.  All  the  alkaline 
citrates  are  precipitated  by  the  solution  of  baryies:  the 
precipitate  which  ihey  form  with  calcareous  salts,  is  jclaWe 
in  less  than  500  parts  of  water.  The  oxalic  and  tutanc 
acids  decompose  them,  and  form  in  theii  solutions  ciytial- 
lised  or  insioluble  precipitates  f. 

Citric  acid,  in  its  crystallized  state,  can  be  preserred  for 
any  length  of  time  without  decomposition  ;  and  a  grateful 
lemonade  may  be  prepared  from  it,  by  dissolving  30  or  iO 
grains  in  a  pint  of  water,  with  the  addition  of  a  little  su- 
gar, and  to  communicate  flavour,  of  a  little  lemon  peel,  or 
of  a  powder  formed  by  rubbing  sugar  on  the  fresh  lenoii. 
The  lemon  juice  may  be  r^ardcd  as  a  specific  in  scurry, 
and  there  is  every  probability  that  the  crystallized  citric 
acid  may  be  equally  effectual. 


*  DizO,  Nicholson's  Journal,  4to,  vol.  ii,  p.  45> 
f  Vauquelin,  Fourcroy's  Chemistry,  vol-  vii.  p,  ', 
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SECT.  XVIII. 


OF  OXALIC  AGIO. 


It  has  been  bng  known,  that  a  Crystallized  acid  salt 
ouqf  he  procured  from  the  juice  of  some  of  the  species  of 
sorrel)  particularly  the  OxaUs  acetoseila*  Margraaf  dis* 
covered  the  existence  of  potassa  in  this  salt,  and  hence 
skewed  that  it  is  not  a  pure  acid  ;  but  the  nature  of  the 
^d  which  it  did  contain,  was  for  some  time  not  wellde« 
termined.  Bergman  discovered  that  sngar^  when  subject- 
ed to  the  action  of  nitric  acid,  afibrds  an  acid  of  a  parti- 
cular nature,  the  properties  of  which  he  examined  ;  and 
s<)nie  time  afterwards,  Scheelc  made  the  discorery,  that 
^  acid  which  exists  in  the  salt  of  sorrel  is  precisely  of 
^  same  nature  ^  that  it  may  be  extracted  from  that  salt 
^  obtained  pure ;  and  that,  on  the  other  hand,  a  salt 
P^eetly  analogous  to  the  salt  of  sorrel  may  be  formed, 
*>J  combining  the  acid  prepared  from  sugar,  with>  such  a 
quantity  of  .potassa  as  shall  leave  an  excess  of  acid.  To 
^is  acid,  thus  existing  in  the  vegetable  kingdom,  and  ca- 
pable also  of  being  artificially  formed,  the  name  of  Oxalic 
"^  been  given* 

The  native  salt  of  sorrel,  the  super-oxalate  of  potassa, 

• 

^  extracted  from  the  juice  of  the  sorrel,  by  the  following 
process :  The  leaves  of  the  plant  are  bruised  with  a  little 
^ater,  and  the  juice  expressed  j  the  impurities  are  allow- 
ed to  subside,  and  the  separation  of  any  foreign  matter  is 
f^ilitated  by  heating  it  slightly  :  it  is  then  clarified  by  add- 
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ing  to  It  water,  in  which  2  smsll  portion  of  line  claj  hat 
been  suspended,  and  wiih  which  it  is  agitated.  The  cli- 
lilicd  juice  is  put  into  boiSeis  of  tinned  copper,  and  ts 
boiled  gently,  until  a  pellicle  forms  on  lis  surface  :  it  is 
then  put  aside  for  a  month,  in  earthen  vessels :  a  salt  cry- 
stallizes on  the  sides  of  the  vessel,  of  a  greyish  colour  j  ' 
and  fresh  quantities  of  this  are  obtained,  by  renewing  the 
evaporation  and  clarification.  The  whole  salt  is  purified 
by  a  second  crystallization,  and  is  obtained  perfectly  white 
and  well  crystallized  •.  It  is  known  in  the  shops  undrr 
the  name  of  Salt  of  Lemons,  and  is  used  principally  for 
removing  stains  from  ink.  It  is  prepared  in  some  districts 
of  Switzerland  and  Germany. 

Scheele  obtained  ihe  acid  from  this  salt,  by  adding  to 
its  solution  in  water  a  solution  of  acetate  of  luad,  as  long 
as  there  is  any  precipitation.  The  precipitate  is  the  oxa- 
late of  lead.  It  is  washed  with  water,  and  decomposed 
by  the  addition  of  sulphuric  acid ;  the  proportion  of  this 
being  estimated  from  the  quantity  of  it,  known  by  1  pre- 
vious experiment  to  be  necessary  for  ihe  decom  posit  ion  of 
the  quantity  of  acetate  of  lead  employed.  The  oxalic  a- 
cid  remains  dissolved,  and  is  obtained  by  slow  evapora- 
tion, in  regular  prismatic  crystals  t- 

The  same  acid  exists,  in  a  similar  state  of  combination^ 
in  other  species  of  sorrel  ;  and  it  is  found  in  other  Trg»- 
tables.  The  earthy-like  matter  disseminated  in  streaks  in 
the  root  of  rhubarb,  Scheele  found  to  consist  of  oxalic 


t 


*  Aaiulef  de  Chimie,  torn.  xir.  p.  7- 
I  Cr»!l'i  Cheoiieal  Jounwl,  toL  i.  p.  108. 
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Acidy  combined  with  lime  * ;  and  he  found  it  also  in  the 
roots  of  many  other  plants^  as  bistort,  liquorice,  florentine 
orrice,  squil,. turmeric,  tormentil,  ginger,  &c.  and  in  the 
barks  of  cannella,  cascarilla,  cinnamon,  quassia,  oak,  elm, 
and  others  f.  Deyeux  found,  that  the  acid  juiee  contain- 
ed in  the  fibres  of  chicb  pease  was  pure  oxalic  acid  ; 
though  Dispan  has  since  stated  tome  imperfect  ezperi- 
mentSy  in  consequence  of  which  he  considered  the  acid 
obtained  from  this  vegetable  to  be  a  peculiar  one,  to  which 
he  gave  the  name  of  Ciceric  %. 

The  artificial  formation  of  this  acid  from  sugar  is  ef- 
fected according  to  the  process  described  by  Bergman. 
One  ounce  of  refined  sugar,  in  powder,  is  mixed  in  a  tu- 
bulated retort,  with  three  ounces  of  strong  nitrous  acid, 
the  specific  gravity  of  which  is  1.567 :  when  the  solution 
is  completed,  and  the  disengagement  of  nitric  oxide  gas 
which  attends  it  has  ceased,  a  receiver  is  to  be  luted  to  the 
retort,  and  the  solution  gently  boiled.     When  the  liquor 
acquires  a  dark  brown  colour,  three  ounces  more  of  ni- 
trous acid  are  to  be  added,  and  the  boiling  continued  un- 
til the  coloured  and  smoking  acid  has  entirely  disappear- 
ed.   The  liquor  in  the  retort  being  poured  out,  on  cooling 
there  are  formed  in  it  numerous  slender  crystals,  being 
quadrangular  prisms,  and  which,  when  collected  and  dried 
on  bibulous  paper,  weigh  109  grains.     The  remaining  li- 
quor, boiled  with  two  ounces  of  nitrous  acid  until  the  red 
vapours  begin  to  disappear,  on  cooling  afibrds  43  graina 


*  Crell's  Chemical  Journal,  voL  i.  p.  S-l*. 

f  Ibid.  vol.  iii.  p.  1. 

%  Annales  de  Chimie,  torn.  xxx.  p.  179. 
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«f  crystals.  And  if  to  the  glutinous  liquor  which  rpinaint 
after  this,  there  be  added,  at  different  times,  jinnll  quiin* 
titles  of  nitrous  acid,  amounting  in  all  to  two  ounces ;  on 
boiling  it  to  dryness  a  saline  mass  is  formed,  brown,  glu- 
tinous, and  deliquescent,  which,  when  petfcclly  dried,  a- 
mounts  to  half  a  drachm,  but  in  purifying  loses  nearly 
half  its  weight  "■  The  quantity,  however,  obtained  of  the 
acid  in  this  process,  is  liable  to  vary  }  for  if  the  nitric  a- 
tid  be  boiled  too  long,  a  portion  is  decomposed,  and  the 
crystallized  product  is  of  course  diminished.  The  crystals 
require  to  be  rendered  pure  by  repeated  solutions  and  cry- 
stallization. 

The  changes  tlut  are  effected  in  this  production  of 
exalic  acid  from  sugar,  are  not  yet  perfectly  ascenainfrd. 
Oxygen  is  communicated  from  the  nitric  acid  •,  but  it  re- 
mains mther  uncertain  how  tliis  operates  in  tlie  production 
of  the  acid.  From  the  small  quantity  of  acid  obtained 
frotn  a  given  quantity  of  sugar,  it  is  obvious  that  it  doel 
not  merely  combine  directly  with  the  saccharine  matter 
to  as  to  acidify  it :  it  therefore  unites  with  portions  pro- 
bably both  of  its  carbon  and  hydrogen,  forming  water  and 
carbonic  acid,  and  leaving  the  remaining  elements  in  those 
proportions,  and  in  that  state  of  combination,  which  con- 
stitutes oxalic  acid.  There  is  also  always  a  formation  of 
malic  acid,  and  the  uncrystalltzable  residual  liquor  con- 
sists principally  of  this. 

This  acid  is  formed  also  from  other  vegetable  substan- 
ces subjected  to  a  similar  proccs?.  Bergman  obtained 
from  lOO  parts  of  gum  arable  about  26  of  acid  ;  from  S 

"  Bcgman'e  Essays,  vol.  i,  p.  301. 
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of  alkoboly  S  ptrts ;  and  from  a  nomber  of  regetaUe  pro*, 
dnctfl,  it  may  he  obtained,  as  has  been  already  obsenred,  in 
greater  or  less  quantity.  It  is  eren  afforded  by  some  ani- 
mal eubstancesi  when  they  have  been  acted  on  by  nitric 
add  so  as  to  disengage  their  nitrogen.  The  theory  of  its 
production  in  these  cases  must  be  the  same. 

The  acid  obtained  by  these  different  processes,  when 
perfectly  freed  from  foreign  matter,  is  precisely  the  same. 
It  has  been  generally  examined  by  chemists  in  the  state 
ia  which  it  is  afforded  by  the  oxygenizcment  of  sugar,  as 
this  process  is  less  troublesome  than  extracting  it  from  the 
salt  of  sorreL  We  are  indebted  to  Bergman  for  a  know« 
ledge  of  its  principal  properties  and  combinations. 

OxaHc  acid  crystallizes  in  sleitder  four-sided  rhomboi- 
dal  prisms,  bevelled  at  each  extremity,  subject,  however,  to 
Tarious  noodifications.  The  crystals  are  of  a  white  colour, 
permanent  in  the  air,  or  slightly  efflorescent.  Their  taste 
is^ery  sour,  and  they  communicate  this,  as  well  as  the 
power  of  reddening  the  vegetable  colours,  to  a  large  quan- 
tity of  water.  Twelity  grains  give  a  sensible  acidity  to 
three  pints.  They  are  soluble  in  twice  their  weight  of  cold 
water,  and  in  an  equal  weight  of  boiling  water.  They  are 
alio  soluble  in  alkohol ;  100  parts  when  boiling,  taking 
up  nearly  56  of  the  acid,  at  an  inferior  heat  not  above  4*0. 
They  dissolve  in  sulphuric  ether,  but  with  difficulty  ♦. 

Exposed  to  heat,  the  water  of  crystallization  is  first  dis- 
tipated,  and  the  acid  melts ':  when  it  b^ins  to  boil,  it  be- 
comes brown,  and  is  decomposed ;  a  quantity  of  an  acid 
liquor  passes  over ;  an  acid  powder  is  condensed  in  the 


*  Bergraaa's  Chemical  Eiiays,  vol.  i.  p.  SOS,  &c. 
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neck  of  the  receiver,  which  is  the  oxalic  acid,  extremeljr  . 
pure,  the  residuum  being  a  brown  or  grey  matter ;  and  a 
large  quantity  of  elastic  fluid  is  disengaged  during  this  de- 
composition, of  which  about  one-half  is  carbonic  acid} 
the  other  is  inflammable,  and  appears  to  be  carbonic  oxide, 
or  a  rariety  of  carburetted  hydrogen.  About  100  cubic 
inches  of  this  mixed  serial  iluid  arc  obtained  from  the  ex- 
periment performed  on  half  an  ounce  of  the  crystals,  of 
which  only  part  is  decomposed.  When  the  sublimed 
portion  of  acid  is  again  subjected  to  the  same  operation, 
it  is  partly  sublimed,  and  partly  resolved  into  an  acid  li- 
(]U0[  not  crystatjlzablc ;  and  by  repeating  it  .1  third  time, 
die  decomposition  is  completed.  In  this  analysis  it  is  to  ■ 
be  remarked,  as  Fourcroy  has  stated,  that  there  is  no  pro- 
duction of  empyreumatic  oil ;  which  appears  to  prove, 
that  this  acid  contains  little  hydrogen  in  its  composition, 
but  that  its  chief  constituents  are  carbon  and  oxygen ;  and 
as  the  other  vegetable  acids  are  resolved  into  it  by  the  ac- 
tion of  oxygen,  it  probably  contains  a  large  proportion  of 
tills  principle.  According  to  FourctOy  *,  Vauquelin  and 
he  found  in  their  investigations,  that  it  is  composed  of  77 
of  oxygen,  13  of  carbon,  and  10  of  hydrogen. 

Oxalic  acid  is  decomposed  by  the  more  powerful  mi- 
neral acids.  Sulphuric  acid  renders  it  brown,  and  whea 
boiled  on  it  entirely  decomposes  it.  Nitric  acid  diasolvet 
it,  and  when  heat  is  applied  becomes  yellow ;  on  cooling, 
crystals  are  aga'm  deposited  -,  but  if  this  operation  be  fire- 
<]uentlf  repeated,  the  oxalic  acid  is  at  length  destroyed. 
Muriatic  acid  dissolves  the  crystallized  oxalic  acid, 
astisted  by  hciit,  without  decomposing  it. 


•  System,  vol.  vii.  p.  I 
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Oxalic  add  combines  with  the  alkalis  and  earthsi  form- 
ing  salts,  named  Oxalates,  of  which^  some  are  solubfe  and 
crystallizable,  but  the  greater  number  are  of  sparing  solu- 
bUity. 

Oxalate  of  potassa,  when  exactly  neutral,  is  not  easily 
crystallized  ;  its  solution  on  evaporation  becoming  gelati- 
nous ;  but,  if  there  be  a  slight  excess,  either  of  acid  or  of 
alkali,  crystals  are  formed  without  difficulty.    When  there 
is  an  excess  of  acid,  crystals  are  deposited,  merely  by  drop- 
pbg  a  solution  of  potassa  into  a  solution  of  oxalic  acid, 
and,  when  formed  by  evaporation,  they  are  regular,  and 
nearly  of  the  same  form  as  the  acid  itself.    The  native  salt 
of  sorrel,  it  has  been  already  observed,  is  a  super-oxalate 
of  potassa.     It  occurs  generally  m  small  irregular  crystals, 
permanent  in  the  air  :  its  taste  is  sour,  and  it  reddens  im- 
mediately the  vegetable  colours.     It  is  very  soluble  in  wa- 
ter, especially  in,  boiling  water,  which,  according  to  Wen- 
zel,  dissolves  two-thirds  of  its  weight.     Its  solution  does 
not  decompose  spontaneously  as  those  of  almost  all  the 
salts  containing  acids  of  vegetable  origin  do.     The  strong- 
er acids  decompose  it  partially  with  difficulty  :  the  alka- 
line, and  some  of  the  earthy  bases,  as  barytes  and  mag- 
nesia, enter  into  combination  with  its  principles,  and  form 
triple  salts.     Lime  decomposes  it  by  attracting  its  acid. 
It  is  decomposed  by  heat  \  an  acid  liquor  being  distilled 
over,  wbtch  appears  to  be  oxalic  acid  not  much  changed. 
Oxalate  of  soda  is  not  very  soluble,  and  can  scarcely  be 
obtained  in  regular  crystals.     It  is  separated,  in  its  forma- 
tion by  the  combination  of  its  principles,  in  crystalline 
grains.   This  salt  is  also  disposed  to  combine  and  crystal- 
lize with  an  excess  of  acid. 
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Oxalate  of  ammonia,  formed  by  saturating  water  eP 
ammonia  with  oxalic  acid,  is  obiained  by  slow  evapontion 
in  quadrangular  prisms,  in  which  there  is  an  excess  of  a- 
cid,  and  which  are  soluble  in  water,  but  not  in  alkolul. 
When  neutralized,  it  appears  to  be  still  mor«  solnblr. 

Oxalate  of  barytes  is  deposited  in  pellucid  angalarcrjt- 
bls,  when  ox^c  acid  is  saturated  by  the  addition  of  ba- 
rytic  water :  they  are  scarceSy  soluble  in  water :  boijed  in 
distilled  water,  they  split  and  fall  to  powder,  but,  on  cool- 
ing, the  small  portion  which  is  dissolved,  again  forms  into 
ttmilar  crystals  i  the  salt,  by  the  agency  of  the  water  in 
this  experiment,  beini;  apparently  converted  partly  into  i 
Bub'Oxalatc,  and  partly  into  a  super-oxalate.      Oxalate  oi 
strontiles  is  likewise  insoluble.     With  lime,  in  any  snw 
of  combination,  oxalic  acid  immediately  comlnnes,  tnl 
forms  a  compouiui  of  very  sparing  solubility,  which  i> 
precipitated  in  the  state  of  a  powder.      According  to  Berg- 
man's estimate,  100  parts  of  this  salt  consist  of  48  of  aci<l, 
46  cf  lime,  and  6  of  water.     The  compound  is  not  eati'f 
decomposed  by  any  single  affinity,  and,  from  its  iosola-, 
biliiy,  as  well  as  the  force  of  attraction  which  its  priaO' 
pies  mutually  exert,  lime  is  the  most  delicate  test  to  dis- 
cover the  presence  of  oxalic  aciU,  as  this  acid  is  to  discor" 
the  presence  of  lime.     Oxalate  of  magnesia  appears,  wh"" 
formed  by  saturating  oj^alic  acid  by  magnesia,  in  the  Im"^ 
cf  a  white  powder,  not  soluble  cither  in  water  or  in  al^ 
Iiol,  and  consisting  of  about  :i5of  m^nesia,  and  65of  )ti^' 
Oxalate  of  argil  is  formed  by  digesting  pure  argil  inOl*' 
lie  acid  :  tiie  solution  on  evaporation  does  not  yield  Ciyt* 
tals,  but  a  yellowish  pellucid  mass,  of  a  sweetish  astiii^«* 
taste,  which)  when  dry,  deliquesces  in  a  moist  aiflw* 
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Sphere  :  it  i$  spiuringly  soluble  in  alkohol  Bergman  states 
the  proportions  of  its  constituent  parts  at  44i  of  eartHj  and 
56  of  9cid  and  water* 

Oxalic  acid  acts  on  several  of  the  metals,  espeplally  those 
which  are  aUe  to  decompose  water  so  as  to  become  oxu 
dized ;  it  unites  with  their  oxides  i  and  it  decomposes  a 
number  of  the  nietallic  salts.  The  principal  metallic  oxa<f 
iates  have  been  described  by  Bergman*  and  a  few  facts 
vidi  regard  to  them  hare  been  added  by  Fourcroy. 

On  oxide  of  gold  it  scarcely  exerts  any  ;icti6|i  but 
Uadceoing  it.     It  dissolves  precipitated  oxide  of  platina, 
ttid  fonhs  a  yellow  liquid  which  affords  crystals  of  the 
suns  colour.      It  precipitates  oxide  of  'silver  from  its  so^ 
Itition  in  nitric  acid,  forming  with  it  a  white  powder 
searody  soluble  in  water,  and  still  less  so  in  aikohol ;  so-^ 
^\e  in  nitric  acid,  and  blackened  by  the  action  of  the  so- 
Iv  rays.    Wlien  heated  in  a  spoon  over  burning  fuel,  it  is 
Aspersed  with,  a  kind  of  fulmination.     Oxide  of  mercu-> 
'f  is  dissolved  by  the  acid,  forming  a  white  pulverulent 
^t,  which  is  not  soluble  in  water  unless  it  has  an  excess 
^acid,  and  which  is  blackened  from  exposure  to  the  sun. 
^  lame  combination  is  obtained  by  adding  oxalic  acid 
te  a  solution  of  nitrate  or  muriate  of  mercury.     It  fulmi-> 
^tes  sensibly  when  heated.     Copper,  even  in  the  metaU 
lie  state,  is  acted  on  by  this  acid ;  and  with  still  more  fa- 
cility when  it  has  been  previously  oxidized  :  a  powder  is 
&raied  of  a  pale  blue  colour,  scarcely  soluble  in  water. 
A  similar  compound  is  precipitated  when  the  acid  is  add* 
sd  to  a  solution  of  any  of  the  salts  of  copper.     Iron  is 
likewise  dissolved  by  it  with  a  disengagement  of  hydro- 
gen gas :  the  solution  has  an  astringent  sweetness,  and. 
Vol.  IV.  X 


when  prepared  without  heat,  exhibits  prismitic  crystJi 
of  a  greenish-yellow  colour,  easily  soluble  in  water,  ami 
which  retain  an  excess  of  acid.     The  soluttoni   of  iron 
highly  oxygenized,  are  precipitated  by  the  acid  in  theini; 
of  a  powder  of  a  fine  red  colour.     Lead   digested  witk 
oxalic  acid  is  corroded,  but  scarcely  dissolved  ;  but  wbta 
in  the  state  of  an  oxide  combines  with  it,  and  the  soli^ 
tion,  when  approaching  to  satnration,  forms  crystalline 
grains,  which  subside,  and  which  are  scarcely  soluble  in 
water,   except  from  an  excess  of  acid  being  added,  anJ 
not  at  all  in  alkohol':  tins  precipitation  happens  too  when 
any  of  the  salts  of  lead  is  decomposed  by  the  acid.     Oi-     | 
slate  of  tin  is  formed  by  the  action  of  the  acid  on  the 
metal  assisted  by  heat :  the  solution  has  a  styptic  taiK,     \ 
and  exhibits  prismatic  crystals,  or  when  eraporated  quick- 
ly to  dryness  a  horn. like  mass.      Zinc  is  dissolved  by  lh« 
acid  with  facility,  and  with  a  strong  effertaecence,  fraxKi 
the  disengagement  of  hfydrogen  gas;  a  white  powder     ■»' 
formed,  not  soluble  in  water,  unless  from  an  excess  of    ^* 
cid.      With  oxide  of  bismuth,  it  forms  a  white  pulvei    ^' 
lent  salt,  scarcely  soluble  in  water-,  and  a  similar  aii=*'' 
pound  in  transparent  grains  is  slowly  deposited  on  tbei-  •^' 
dition  of  oxalic  acid  to  nitrate  of  bismuth.     Nickel  c^** 
gested  with  it  is  covered  with  a   greenish- white  crus"^^' 
and  a  powder  of  a  similar  appearance  is  precipitated  b]F     " 
from  the  salts  of  niclcel  :   this  powder  is  soluble  in  wal^* 
in  small  quantity,  and  assumes  a  yellow  colour.      Coba*' 
is  c^ssotved  by  it,  or  rather  is  converted  into  a  powders* 
a  pale  rose  colour,  scarcely  soluble  in  water,  but  bemn' 
ing  soluble  from  an  excess  of  acid  ■,   and  a  similar  com- 
pound is  formed  by  the  addition  of  the  acid  Co  any  of  tbc 
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salts  of  cobalt.  Black  oxide  of  manganese  effervesces  with 
oxalic  acid,  probably  from  the  disengagement  of  oxygen 
gas ;  and  the  saturated  solution  deposites  a  white  powder 
scarcely  soluble  in  water,  unless  the  acid  be  in  excess :  this 
is  also  formed  by  the  addition  of  the  acid  to  the  solutions 
of  manganese.  Antimony  in  the  state  of  oxide  is  dissolv* 
ed  slowly :  the  solution  in  whiclt  the  acid  is  predominant, 
affords  crystalline  grains,  which  arc  scarcely  soluble  in  wa- 
ter. White  oxide  of  arsenic  is  easily  dissolved ;  and  the 
lolttlion  on  evaporation  affords  prismatic  crystals,  which, 
melting  with  a  gentle  heat,  emit  the  superabundant  acid  : 
they  are  still  soluble  in  water  and  alkohol ;  and  are  sublim- 
ed  and  decomposed  by  heat. 

Oxalic  acid  is  scarcely  applied  to  any  use  except  as  a 
chemical  test.      It  has  already  been  stated,  that  it  is  one 
extremely  delicate  in  detecting  the  presence  of  lime.    Ac- 
cording to  Bergman,  one  grain  of  the  concrete  acid  of  the 
size  of  a- pin's  head,  discovers  one  grain  of  pure  lime  in 
■lr2. 250  grains  of  water  by  the  cloud  it  produces.      It  is 
rendered  less  delicate  by  the  presence  of  any  free  acid  ei- 
^er  existing  in  the  liquid  containing  the  lime,  or  discn- 
S^£cd  from  a  state  of  combination  with  the  lime  itself^  and 
ne»ice  such  acid  ought  to  be  saturated  previously  by  ah  ad- 
^^ion  of  ammonia,  or  oxalate  of  ammonia,  instead  of  pure 
^*^ic  acid,  should  be  used.     Brugnatelli  putlished  some 
^^periments  to  prove  that  oxalic  acid  is  a  less  delicate  and 

k*^5s  accurate  test  of  lime  than  is  generally  supposed  j  and 
*fc^  this  earth  is  not  indicated  by  it  when  it  is  known  to 
•list,  or  when  it  is  detected  by  other  tests  ♦.      Darracq 


•  Aunalcs  de  Chimie,  torn.  xxix.  p.  ITl. 
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repeated  these  experimenis,  and  found  tliem  incorrect,  e 
cept  in  so  far  as  regards  the  effect  of  an  e 
in  preventing  the  precipitation  of  oxalate  of  lime,  a  fjec2 
which  h^d  been  before  known  to  chemists,  and  chis  »n  be  J 
obviated  by  the  methods  pointed  out  *. 

liupfci-oxalate  of  potassa,  the  nitive  salt  of  sorrel,  is  used 
under  the  name  of  Salt  of  Lemons,  to  remore  ink-stain* 
frotn  linen ;  an  effect  it  produces  by  the  oxalic  acid  dis- 
solving the  oxide  of  iron  in  the  ink,  on  the  combination  of 
which  with  the  tannin  and  gallic  add  the  colour  dependft^ 
while,  at  the  same  lime,  it  can  be  used  without  a 
of  injury  to  the  cloth,  or  which  it  doet  not  act. 


ir  dependft^^ 
lut  any  ri>|H 

J 


A  SALisr.  matter  is  dppositcd  from  wine,  during  the 
progress  of  the  slow  fermeiit^iioii  it  suffiTs  on  keeping, 
which  has  been  long  known  by  the  name  of  Tartar,  and, 
when  purified,  from  the  colouring  matter  which  adhcri'S 
to  it,  by  that  of  Crystals  or  Cream  of  Tartar.  It  was  al- 
so known  to  the  chemists,  that  an  alkali,  potassa,  could 
he  obtained  from  it,  by  c.ikining  it  with  a  moderate  heat ; 
and  it  was  by  this  procc^';,  indeed,  that  this  alt.di  was 
generally  obtained  for  cln.'niical  and  roedicin:>l  use.  It 
was  maintained  by  some  of  the  older  chemists,  Lefevre, 


'  Annalo  dc  Cliin:ii.',  torn.  xl.  p.  CS. 
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Gla2er,  atid  others,  that  this  alkali  pre-existed  in  the  salt ; 
and  this  was  more  clearly  established  by  the  experiments 
of  Duhamel,  Margraafj  and  Rouelle.  The  add  which  ex* 
ists  in  it  is  in  excess^  so  as  to  be  sufficiently  obvious  by  the 
soar  taste  and  acid  powers  of  the  salt.  Scheele  gave  the 
process  by  which  it  could  be  extracted,  and  thus  discover- 
ed the  properties  of  dits  acid  in  its  pure  state. 

Tartar,  or  super-tartrate  of  potassa,  a/ it  is  properly 
named,  is  not,  as  some  xrhemists  have  imagined,  the  pro- 
duct of  fermentation.  The  experiments  cyf  Boerhaave, 
Neuman,  and  other  diemists,  proved,  that  it  is  contained 
in  the  juice  of  the  grap^  previous  to  its  conversion  into 
vdne.  It  has  also  been  discovered  in  other  fruits,  parti- 
cubrly  in  the  tamarind;  and  it  is  said  to  exist  in  the  roots 
of  sage,  germsmder,  and  some  other  plants.  '  It  exists  in 
these,  however,  in  small  quantity,  and  it  is  the  deposite 
from  wine  that  is  met  with  in  commerce.  It  is  named 
Red  or  White  Tartar,  according  as  it  more  or  less  colour- 
ed, from  part  of  the  colouring  matter  of  the  wine  adhering 
to  it.  Besides  this,  it  is  rendered  impure  by  the  presence 
ef  some  other  substances,  particularly  tartrate  of  lime.  It 
is  purified  by  dissolving  it  in  water,  and  boiling  its  solu- 
tion with  a  small  quantity  of  fine  clay  diffused  through  it* 
Hits  attracts  the  colouring  and  extractive  matter,  and  the 
sstution,  on  cooling,  affords  crystals  of  a  white  colour. 
These  form  the  purified  tartar,  or  crystals  of  tartar  of  com* 
merce,  in -which,  with  the  super- tartrate  of  potassa,  there 
itill  exists  a  small  portion  of  tartrate  of  lime. 

The  process  which  Scheele  employed  to  extract  the  acid 
from  this  salt,  consisted  in  dissolving  any  quantity  of  the 
purified  super-tartratc  in  boiling  water,  and  throwing  into 
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it  chalk  in  powder,  as  long  as  any  eStfrvescence  it 
and  uniil  the  acid  is  entirely  saturateil,  tKi^ being  indicUol 
by  the  liquid  not  reddening  the  vegetable  colours.     The 
lime  of  [he  chalk  combines  with  the  excess  of  taitznc  acid 
iu  the  supcr-iartrate  -,  and  this  tartrate  of  Jlme  bebg  in-     ' 
soluble,  is  precipitated,  while  neutral  tartrate  of  poussa 
remains  in  solution.     The  tartrate  of  lime,  well  washed 
with  water,  1$  ^ut  into  a  glass  m^tiats  -,  a  (quantity  of  sul- 
phuric acid  equal  to  tliat  of  the  chalk,  and  previoualy  dt-     ' 
luted  with  half  its  weight  of  water,  is  added.     This  tt  di-     ! 
gcsted  in  a  sand-baih  for  twelve  hours,  stirring  the  mixtuK 
occasionally.    Tlie  sulphuric  acid  combines  with  the  lime, 
und  forms  the  sulphate  of  lime,  which  is  nearly  insolablc ; 
the  tartaric  acid  is  dissolved  by  the  water :  the  Golutioa  it 
poured  off,  and  the  remaining  sulphiite  of  lime  U  wuhtd 
with  water,  which  is  added  to  this  solution.    Toascenain 
that  no  sulj'Iniric  ;icid  is  present,  a  few  drops  of  acetate  ut 
lead  are  added,  which  forms  a  precipitate,  soluble  in  vine- 
gar if  the  tartaric  acid  be  pure,  insoluble  if  it  be  coiKami- 
nated  with  sulphuric  acid.     U  the  latter  be  the  case,  it  is 
digested  with  a  little  tartrate  of  lime,  and  ihe  sulphuric 
acid  is  thus  abstracted.     Tlie  solution  is  tltcn  evaporated, 
and  the  tartaric  acid  is  obtained  in  a  ctysiallized  form, 
equal  in  quantity  to  about  one-third  of  the  super- tartrate 
that  has  been  employed.     MuUer  has  given  llic  propor- 
tions to  be  employed  in  this  process  with  more  precision. 
They  are  6  lbs.  of  chalk  diffused  in  3G  lbs.  of  boiling  wa- 
ter, and  as  much  super-tartrate  of  polassa  as  this  qu-^ntiiy 
of  chalk  saturates  :  Tlierc  are  then  to  be  added  to  the  tar- 
trate of  lime,  diffused  in  a  l.ir^c  (;u.iniiry  cf  w.iicr,  6  l!is. 
of  sulphuric  acid,  of  the  sp.-cjfi*.-  gravity  of  1.817,  with 


or  TARTARIC   ACID. 


327 


6  drachms  of  nitric  acid  have  been  mixed  ".  The 
sulphuric  acid  does  not  appear,  in  Scheele's  process,  to  be 
suBicicntl]^  diluted,  go  as  to  prevent  it  from  acting  on  the 
txrtaric  acid.  Lowitz  has  remarked,  that  it  ought  to  be  di- 
luted with  at  least  four  times  its  weight  of  water  f. 

In  this  process,  it  is  only  the  excess  of  tartaric  acid  con- 
isined  In  the  super-tariiate  that  is  obtained  ;  and  a  quan- 
tity of  acid  remains  combined  with  the  polassa,  which  the 
ehatic  is  not  able  to  abstract.  It  has  been  proposed  to  usa 
lime  instead  of  challc,  hj  which  the  decomposition  is  com- 
ptete,  and  the  whole  of  the  tartaric  acid  abstracted  ;  but 
tn  this  casC)  as  Vauquclin  has  remarked,  part  of  the  tar- 
trate of  lime  it  prevented  from  precipitating  by  the  action 
•f -the  alkali  i  and  it  is  therefore  doubtful  if  this  method 
u  preferable  to  the  process  of  Scheete. 

It  has  been  proposed,  too,  to  obtain  this  acid  by  dis- 
fidvinf  one  poundofsupet'tartrate  of  polassa  in  six  pounds 
of  water,  and  adding  a  quarter  of  a  pound  of  concentrat- 
ed salphuric  acid.  But  this  method  is  very  imperfect,  the 
alkali  being  merely  shared  between  the  two  acids,  and  no 
pure  tartaric  acid  obtained. 

This  acid  has  received  its  name  from  the  subetftnce 
from  which  it  ts  always  obtained.  It  was  until  lately 
named  Tartarous  Acid  \  but  the  piopriety  is  now  ac> 
fcoowledged  of  giving  the  names  of  all  the  vegetable  acidi 
the  *ame  tcrmiiiation,  and  hence  it  is  denominated  Tar- 
taric Acid. 

IfoTcn  of  the  crystals  of  this  acid  has  been  nrioui- 
•  Ar 
t    Ibi 


'   Antialfi  di^  Chimie,  torn.  »1.  p.  3?. 
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Jj  J«jCTlbeii.     I  hare  obtaineil  it  in  thin  broad  laMei,'^   ' 
fofrn  deiCfibed  by  Bergman  and  Fourcroy ;  but  it  is  iln 
said  to  accat  in  prisms  and  in  pyramids.    When  pure,  tlit 
crysuU  are  nearly  iransparciii.    Their  a$ii  is  fiour,  aoili 
bmall  portion  reddeils  the  vegetable  colours. 

This  aciJ  is  TSry  soiuble  in  watcri  so  ihat  a  concpimt- 
ed  soluTion  can  he  cbtaiticd  of  nearly  an  oily  ooneisTenct. 
It  is  not  Tcry  liable  to  spontaneout  decomposiiton,  eept- 
cially  if  ihe  solution  is  not  vuy  largely  diluted. 

Exposed  to  hcai,  it  is  decomposed :  a  cotisiderable  i]iii 
thy  of  an  ncid  litjuor  it  obtained,  which  was  formerly  a 
aidered  at  a  peculiar  acid,  and  received  the  name  of  ('yn*  J 
■artaroua,  but  which  Fourcroy  ami  Vauquelin  have  ibsM ." 
fo  be  acetic  acid,  diluted,  and  disguised  by  a  small  pi>rtJoa 
of  cmpyreumacic  oil  *.     With  this  Bcid,  a  quantity  of  oii 
which  separates  from  it  is  condensed  in  the  rcc«i«ti 
Aiuch  aerial  fluid,  cortsisting  of  carbonic  acid  and  carbu- 
retted  hydrogen,  is  disvngaged,  and  a  bulky  coal  remains. 
According  to  Fourcroy's  statomertt  of  the  result  of  its  a^" 
alysis  by  himself  and  Vauqutiin,  it  consists  of  70.5   *>^ 
oxygen,  19  of  carbon,  and   10. ji  of  hydrogen, — a  larg^ 
proportion  of  carbon,  and  less  of  oxygen,  than  enter  tO* 
the  compDSUion  of  oxalic  acid.    It  is  convened,  accord**^ 
to  the  experiments  of  Hcrnibstacdt,  into  this  acid,  by  **  * 
tilling  from  it  repeatedly  six  times  its  weight  of  nit*' 
acid  i  360  parts  of  the  tartaric  acid,  according  to  these  ^^ 
periments,  yield  560  of  crystallised  ojialic  acid, — ■  qu**^ 
tity  which  would  prove,  if  the  fact  is  sulHciently  establish 
I'd,  the  fixation  of  a  very  large  proportion  of  oxygen  f. 

•   AnnaUs  de  Chimic,  torn.  x\kv,  p.  172. 
f  Fourcroy'*  System,  vol.  »ii.  p.  -Til. 
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This  acid  combines  with  the  alkalis  and  earths,  forming 
salts ;  vhichy  while  i(  had  t)ie  name  of  Tartarous  acid» 
were  denominated  Tartrites,  but  which  are  now  named 
Tartrates.  It  appears  to  have  a  peculiar  tendency  to  form 
triple  salts,  which  Crystallize  with  great  regularity,  and  ex- 
hibit marked  properties,  and  some  of  which  are  important 
from  the  uses  to  which  they  are  applied. 

The  neutral  tartrate  of  potassa  is  not  formed  by  the  di« 
rect  combination  of  its  acid  and  base,  but  by  saturating  the 
excc-ss  of  acid  in  the  super* tartrate,  by  the  addition  of  the 
requisite  proportion  of  alkali ;  a  quantity  of  carbonate  of 
potassa  being  dissolve  in  boiling  water,  and  super-tartrate 
of  potassa  in  fine  powder  being  added  in  small  quantities 
at  a  time,  diffusing  it  well  through  the  solution  by  con- 
stant stirring,  as  long  as  there  is  any  efiervescence,  and 
until  exact  neutralization  is  attained.  The  solution  is  fil- 
tered>  and  as  it  is  not  easily  crystallized,  it  is  at  once  eva- 
porated to  dryness,  when  this  salt  is  prepared  for  medici- 
nal use.  Beiirg  more  soluble  than  the  super*tartrate,  it 
was  fbrmeriy  named  Soluble  Tartar. 

Tkottgli  difficult  of  crystallization,  yet  when  its  satura- 
ted solution  is  allowed  to  stand  for  some  months,  large  and 
regular  crystals  form,  which  are  tetraedral  prisms,  bevel- 
led at  each  extremity,  and  usually  aggregated.  Its  taste  is 
brtter ;  it  is  deliquescent  in  a  humid  atmosphere,  and  is 
?ery  soluble  in  water,  not  requiring  four  times  its  weight 
of  cold  water  for  its  solution.  When  in  solution,  it  de- 
composes spontaneously  when  kept  for  some  time,  or  ra- 
ther its  acid  suffers  this  change,  so  that  at  length  its  alkali 
remains  in  the  state  of  a  carbonate.  A  similar  decompo- 
sition^  as  to  the  ultimate  result,  is  effected  by  heat.     It  is 
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very  susceptible  of  decomposition,  from  (he  action  of  ottier 
acids,  which  abstract  from  it  so  much  of  its  acid  as  to  re- 
duce it  to  the  state  of  super-tartrate. 

This  saitt  the  super-tartrate  of  potassa,  requires  notice 
as  a  distinct  one,  as  its  composition  is  determinate,  and  its 
properties  well  marked.  Its  origin,  and  the  method  of 
purifying  it,  haru  been  already  stated.  It  occurs  in  small 
crystalline  masses,  tlie  figure  of  which  can  scarcely  bede- 
tetmincd  i  of  a  while  colour,  and  semi-transparent ;  brittle, 
atnd  easily  reduced  to  powder,  and  having  a  sour  taste. 

This  salt  requires  a  considerable  quantity  of  water  for 
its  solution  ;  about  sixty  parts  of  cold,  or  thirty  of  boiling 
water.  This  solution  decomposes  spontaneously  when 
long  kept  i  the  principles  of  the  acid  entering  into  new 
combinations,  and  leaving  the  alkali ;  and  by  tbig  Eunpte 
eipeiiment,  the  older  chemists  demonstrated,  that  the  al- 
Itiili  pre-exists  in  this  sslt,  and  is  not  formed  by  the  calci- 
nation by  which  it  is  usually  obtained. 

The  sparing  solubility  of  this  salt,  affords  us  the  best 
test  to  discover  tartaric  acid  ;  a  solution  of  potassa,  w^ea 
added,  so  as  to  leave  an  excess  of  acid,  forming  a  turbid 
fluid,  from  which,  in  a  short  time,  small  crystals  of  the 
super-tartrate  subside.  It  is  also  the  best  test  we  hare  to 
distinguish  potaEsa  from  soda. 

When  super-tartrate  of  potassa  is  exposed  to  a  strong 
heat,  it  is  fused,  becomes  of  a  black  colour,  and  is  decom- 
posed :  it  gives  a  large  quantity  of  empyreumatic  acetic 
acid,  an  oil,  with  carbonic  acid,  and  carbureited  hydrogeu 
gases,  the  alkali  remaining  in  the  state  of  carbonate,-  mix- 
ed with  charcoal.  A  quantity  of  carbonate  of  ammonia 
I*  also  said  to  sublime  :   from  which  it  might  be  inferred, 
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that  nitrogen  enters  into  the  composition  of  the  acid ;  but 
the  fact  is  not  well  ascertained,  and  a  small  quantity  pro- 
duced might  arise  from  foreign  matter  contained  in  the 
salt^  This  process  of  decomposing  this  salt  by  heat,  was 
that  formerly  employed  by  chemists  to  obtain  carbonate 
of  potassa:  it  was  performed  in  a  crucible,  and  the  resi- 
dual matter  was  lixiviated  with  water,  and  then  evaporat- 
ed :  and  it  has  been  supposed,  that  it  aflFords  the  alkali 
purer  than  as  it  is  procured  by  other  processes. 

From  the  tendency  of  tartaric  acid  to  form  ternary  com- 
binations,  this  salt  exerts  peculiar  actions  on  a  number  of 
substances.  Thus  it  unites  both  with  soda  and  ammonia^ 
and  with  each  forms  ternary  compounds.  Thenard  has 
found,  that  it  may  even  admit  the  combination  of  certain 
proportions  of  lime,  barytes,  or  strontites ;  for  although 
ixrhen  large  quantities  of  these  earths  are  brought  to  act 
upon  it,  they  decompose  ic  and  abstract  the  tartaric  acid, 
yet  when  they  are  added  in  a  state  of  solution  in  small 
quantity,  they  occasion  no  decomposition,  but  enter  into 
combination  with  its  principles  ;  the  liquid  remains  trans- 
parent,  up  nearly  to  the  point  at  which  the  acid  of  the 
super-tartrate  is  saturated,  by  the  earth  added  ;  and  if  this 
point  be  not  exceeded,  there  will  be  formed  on  the  sides 
of  the  vessel,  transparent  crystals,  in  which  analysis  de- 
tects the  presence  of  the  acid,  the  alkali,  and  the  earth  that 
has  been  added.  Magnesia  and  argil  likewise  enter  into 
similar  combinations,  but  form  compounds  which  are  not 
crystallizable  *.  A  singular  effect  produced  on  it  by  bo- 
rax, or  even  by  pure  boracic  acid,  is,  that  of  increasing 


*  Nicholson's  Jouriia!,  4to,  vol.  v.  p.  2G8. 
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greatly  its  aolubilliy  in  water,  or  rather  forming  wilt  ifi 
very  soluble  compoun<f :  one  pjrt  of  boracic  acid,  accor- 
ding to  Lssione,  with  four  parts  of  the  super- tartrate,  be- 
ing soluble  in  six  or  eight  times  its  weight  of  water.  It 
acts  too  on  several  of  the  metals,  and  forma  triple  combi- 
nations, some  of  which  have  been  osed  in  medicine. 

According  to  Thenard's  estimate  of  the  composition  of 
super- tartrate  of  potassa,  it  consists  of  57  of  add,  33  of 
altali,  and  7  of  water. 

Tartrate  of  soda  crystallizes  in  fine  needles,  or  in  thin 
plates  :  it  is  soluble  in  water,  but  if  combined  with  an  ex- 
cess of  acid  its  solubility  is  diminished. 

A  triple  salt,  the  Tartrate  of  potassa  and  soda,  has  been 
long  nsed  in  medicine,  under  the  name  of  Rochelle  Salt. 
It  U  prepared  by  saturating  the  excess  of  acid  in  the  saper- 
t^irate  of  potassa,  by  the  requisite  quantity  of  carbonate 
of  soda:  the  liquor  is  Strained,  and,  on  ev.ipomtion  and 
cooling,  affords  regular  crystals,  rhomboidal  sixx>r  eight 
sided  prisms,  hard  and  transparent.  They  are  permanent 
in  the  air,  soluble  in  about  five  parts  of  cold  water,  and 
in  less  warm  water,  and  consist,  according  to  the  manner 
in  which  Vauquelin  has  stated  their  composition,  of  54 
parts  of  tartrate  of  potassa,  and  46  of  tartrate  of  soda. 

Tartrate  of  ammonia  is  a  very  soluble  salt,  which  how. 
ever  crystallizes  in  slender  prisms.  The  tartrate  of  potassa 
and  ammonia,  formed  by  saturating  the  excess  of  acid  in 
the  supcr-tartrate  of  potassa  by  ammonia,  forms  a  salt, 
soluble,  and  which  cry^tailizcs  very  regularly  in  hexaedral 
prisms  acumin.ited  by  six  pbncs. 

The  binary  combinations  of  this  acid  with  barytes  and 
lime  arc  insoluble  in  water,  but   may  be  dissolved  by  an 
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excess  o£  sicid.  Those  of  magnesia  and  argil,  though  so« 
lublei  are  not  crystallizable>  their  solutions  forming,  on 
evaporation,  viscid  or  gelatinous  masses.  The  ternary 
compounds  which  these  form,  when  potassa  enters  into 
the  combination,  have  already  been  noticed. 

Tartaric  acid  is  capable  of  acting  on  the  metals,  at  least 
on  those  which  are  capable  of  decomposing  water,  so  as 
to  be  oxidized  ;  and  it  readily,  combines  with  the  oxides 
of  the  others.  Few  of  these  combinations,  however,  have 
been  examined,  or  are  of  importance.  The  acid  does  not 
precipitate  the  solutions  of  gold,  platina,  or  silver ;  but  its 
•alts  do^  from  the  exertion  of  a  double  affinity.  In  the 
same  way  it  may  be  combined  with  oxide  of  mercury,  and 
forms  an  insoluble  compound.  It  unites  with  oxide  of. 
copper,  and  forms  a  compound  of  little  solubility,  of  a 
green  colour.  It  acts  on  iron  in  its  metallic  state,  and 
dissolves  it  with  effervescence  ;  the  solution,  on  evapora- 
tion, 'does  not  crystallize,  but  becomes  gelatinous.  On 
zinc  its  action  is  similar.  It  combines  with  the  oxides  of 
sin  and  lead,  decomposing  their  solutions,  and  forming 
compounds  of  a  white  colour.  In  the  same  manner  it 
precipitates  the  solution  of  bismuth' of  a  fine  white  colour, 
forming  what  is  known  under  the  name  of  pearl  white. 
It  dissolves  the  oxides  of  antimony,  forming  a  compound 
%irbich  crystallizes  irregularly  and  with  di^culty. 

Ternary  combinations  can  also  be  easily  formed  by  sub- 
jecting metals  or  their  oxides  to  the  actions  of  super-tar- 
trate  of  potassa.  Thenard  has  examined  several  of  these  * 
particularly.  The  alkaline  tartrates  (as  he  names  these  com- 
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pounds)  of  manganese,  iron,  zinc,  and  tin,  are  v«y9 
ble,  and  are  of  difficult  crysialllzaiion  :  they  are  i 
composed,  either  by  ihe  pure  .ilkalis  or  the  alkaline 
nates,  but  ire  decomposed  by  sulphuretted  hydrogen,  dk(  I 
hyijro-sulpburets,  ^nd  the  gallic  ncid.     The  alkaline  ti 
Wales  of  silver  and  of  mercury  suffer  dEcomposiiion,  1 
ever,  not  only  from  these  agents,  but  likewise  from  lh<  d 
kalis,  eiihcT  pure  or  in  the  st:ite  of  carbonate.     Tlie  atla* 
line  tartrate  of  lead  is  not  soluble  t  that  of  copper  i:  dis- 
tinguished by  its  saccharine  taste,  and  the  grc<tl  quaniiiy 
of  metal  «hich  it  contains.     The  tartrate  of  potasii  and 
antimony  is  by  far  the  most  important  of  these  combina- 
tions :  it  is  the  substance  which  has  been  loiig  used  in  me- 
dicine under  the  name  of  Emetic  Tartar,  and  which  is  Effl- 
perior  to  all  the  other  antinionial  preparations,  in  thecer— 
tainty  and  uniformity  of  its  operation.     The  method  o£ 
preparing  it  ^nd  its  properties,  have  alreadv  been  taker-^ 
notice  of  under  the  history  of  antimony. 

Tartaric  acid,  in  its  pure  state,  is  not  applied  to  an^ 
use  i  and  of  its  combinations,  some  only  are  emplojed  £_ 
the  practice  of  medicine. 


Ir  has  been  remarked,  in  treating  of  the  balsams,  t"*'' 
they  all  caniain  a  peculiar  acid,  which  is  obtained  f'*-" 
them  by  the  application  of  hear.     The  ccncrete  bila^'^' 
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ntoied  Benzoiiii  being  that  from  which  it  is  usually  pro- 
caredi  it.  has  received  the  name  of  Benzoic  Acid. 

The  common  process  for  obtaining  it  is  extremely  sim- 
ple. A  quantity  of  benzoin  being  reduced  to  coarse  pow- 
deri  18  put  into  ^n  earthen  matrass,  to  the  mouth  of  which 
a  paper  cone  is  adapted  ;  a  moderate  heat  is  applied  ;  the 
benzoin  meltSi  and  the  acid  is  volatilized  in  white  vapours : 
these  condense,  and  adhere  to  the  sides  of  the  cone  in 
small  brilliant  crystals,  which,  when  the  sublimation  is 
slow,  appear  in  the  form  of  slender  prisms*  The  paper 
cone  is  changed  as  it  becomes  warm,  a  new  one  is  applied, 
care  being  taken  through  the  whole  operation  not  to  raise 
the  heat  too  high,  as  then  a  quantity  of  oily  matter  ir  vo- 
latilized, by  which  the  acid  is  coloured  brown.  If  the  heat 
be  applied  as  long  as  any  product  is  volatilized,  a  larger 
quantity  of  benzoic  acid  is  obtained  than  by  any  other  pro- 
cess :  Chaptal  recommended  this  method,  purifying  the 
acid  by  repeated  solution  and  crystallization  ;  but  it  is  dif- 
ficult to  separate  the  oily  matter  from  it  entirely. 

Geoffroy  long  ago  discovered  that  this  acid  might  also 
be  extracted  from  i)enzoin  by  the  action  of  boiling  water  ; 
the  water,  sifter  having  been  boiled  on  the  benzoin  in  pow- 
der for  some  time,  being  filtrated,  affords  crystals  of  the 
acid  on  cooling.  Scheele  proposed  another  metiiod  of  ob- 
taining it  in  the  humid  way  more  economical.  Four  parts 
of  benzoin  in  powder  and  one  part  of  slaked  linie  are  mi^ed 
with  24  parts  of  water,  and  boiled  with  it  for  half  an  hour. 
The  benzoic  acid  combines  with  the  lime,  and  forms  a 
compound  soluble  in  water.  The  undissolved  matter  is 
allowed  to  subside,  and  the  liquor  when  clear  is  poured 
off:  a  fresh  quantity  of  water  is  boiled  on  the  residuum, 


/■ 


antl  the  ley  thus  obiuined  is  added  to  the  farmeti 
this  is  repeated  for  a  thin)  time.  The  whole  is  to  be  fl 
iluccd  by  evaporation,  and  to  the  conceiitrated  solution 
there  is  to  be  added  gradually  muriatic  acid,  until  it  b« 
■emibly  acid  ;  the  mtitialic  acid  combines  with  the'  limr, 
■lid  the  muriate  of  lime  is  diswlved  by  the  water;  lb* 
benzoic  acid  being  insoluble  in  cold  water  is  piecipitaied 
in  a  powder  of  a  brownish  colour  :  this  is  washed  with  a 
little  w^tcr,  is  then  dissolved  in  boiling  water)  the  tola* 
tton  is  filtered,  and  as  it  cools  colourless  crystals  of  ben* 
«oic  acid  form.  About  1 4  drachms  are  obta'r^d  by  thii 
proceas  from  one  pound  of  benzoin.  Grea  introductd  i 
•light  modification  of  it,  by  boii'tng  the  benzoin  with  car- 
bonate of  soda,  and  adding  to  the  filtered  liquor  diluinl 
sulphuric  acid,  so  as  to  precipltnte  the  acid  of  ben20tn; 
the  only  advantage  of  this  is,  that  it  is  supposed  to  bt 
more  economical,  from  the  sulphuric  being  less  expensive 
thantlie  muriatic  acid. 

Mr  Brande  has  gi>'ing  the  following  as  the  quaniiiiesof 
benzoic  acid,  obtained  by  these  processes,  from  one  pound 
of  benzoin.  "i-    ilf'     «f     v- 

By  Scheele's,  -  -  1      6       2       ly 

—  Chnptal's,  -         -  2     0       0      O 

—  Geoffroy's,       -         -         1     0      0      10 

—  Gren's,  -  -  1      5       I       10  ». 

It  has  been  observed,  under  tlie  history  of  the  balsams, 
that  there  is  every  reason  to  conclude,  that  in  these  pro* 
ccs?es  the  benzoic  ~.c\A  is  not  actually  formed,  as  some 
chemists  have  imagine.',  but  is  merely  extracted.      A  fact 
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Isenred  by  Mr  Hatchet  with  regard  to  its  production> 


ight  favouTy  howeveri  the  former  opiDion,  or  at  least 
to  the  conclusion)  that  the  quantity  of  acid  is  increas* 
i^d  by  a  new  formation  of  it.    He  found)  that  the  balsamSf 
ywlen  diey  had  been  mixed  with  sulphuric  acid^  afforded 
at  considerable  quantity  of  benzoic  acid  by  sublimation,  ^d 
tLtizt  some  even)  as  dragon's  blood)  afforded  it  when  sub- 
jected to  this  treatment)  which  did  not  afford  it  when  ex- 
posed to  heat  alone  *.     But  it  is  not  improbable  that  the 
a^id  may  facilitate  its  separation,  by  the  action  it  exerts  on 
the  resinous  matter,  and  perhaps  by  preventing  the  forma- 
tion of  empyreumatic  oil,  so  as  to  allow  of  the  heat  being 
'sused  higher  or  applied  for  a  longer  time.  * 

Benzoic  acid  is  likewise  formed  in  the  animal  system* 
bis  found  particularly  in  the  urine  of  the  horse,  cow,  and 
other  gramenivorous  animals.  Fourcroy  appears  to  sup* 
pose,  however,  that  it  is  derived  from  some  of  the  grasses 
OQ  which  these  animals  feed.  It  is  also  sometimes  found 
^  the  urine  of  children,  and  in  general  is  more  or  less  pre- 
set when  phosphoric  add  is  deficient. 

Benzoic  acid  is,  according  to  the  method  in  which  it  has 
been  obtained,  in  soft-like  flakes,  or  in  slender  needle-like 
^7^tals,  frequently  of  considerable  length ;  when  pure, 
^hite  and  brilliant.  Its  taste  is  pungent)  and  slightly  a- 
cdulous.  It  has  a  peculiar  odour,  somewhat  aromatic, 
^  which  becomes  strong  when  it  is  heated  ^d  volati- 
lized. This  was  ccmsidered  as  essential  to  it ;  but,  from 
Ac  experiments  of  Glesse,  it  appears  to  be  not  so,  benzoic 
acid  having  been  obtained  by  him  inodorous,  without  any 
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Vol.  IV.  Y  ^ 


538  OF  BENZOIC  ACID. 

of  its  other  (|ua!itics  being  changed.  This  he  eflwted  b* 
combining  the  acid  with  n  solution  of  potassa,  and  pnci* 
pitHtiiig  it  from  this  comlMimion  bj  muriatic  ircid.  On 
each  repetition  of  this  experiment,  the  odour  diminnfinf, 
and,  after  the  third,  it  had  entirely  Hisuppeared.  AnMhtr 
process,  more  simple,  aitd  equally  snccesaful,  was  to  div 
solve  (he  odorous  acid  in  as  smnll  a  quaniily  as  possible  tt 
alkohol :  to  drop  into  the  solution  water  until  the  acidim 
precipitated  :  this  acid,  when  dried  by  a  gentle  Iieot,  wu 
found  to  be  inodorous  j  the  small  quantity  of  oily  matttr 
derived  from  the  balsam  to  whicli  its  odour  i>  owing  T^ 
maining  combined  with  the  alkohol  ". 

This  acid  is  volatilized  by  heat,  as  is  evident  fVom  ik 
manner  in  which  it  is  prepared,  and  its  rapowr  is  acrid ud 
suffocating  i  it  is  also  fusible  i  aiu)  whenit  hat  becomei^ 
lid  after  fusioD,  its  saifaec  cxliibitst  sieUuhr  rwliued? 
pearniKC.  Heated  on  burning  fuel,  it  indames,  Vtfti 
with  a  strong  fire  in  close  vessf  Is,  the  portion  that  is  »« 
immediaiely  sublimeil  is  decomposed,  and  afTords  ao  in 
liquid,  a  cuantlty  of  oil  more  abundant  than  what  is  p* 
duced  in  the  decomposition  of  any  other  regctable  aciJ' 
carburetted  hydrogen  is  also  disengaged  in  a  considetjW' 
proportion,  and  a  small  quantity  of  charcoal  is  left  in^ 
retort.  This  decomposition  is  more  completely  effed** 
when  thevolatihzation  of  ihc  acid  IB  prevented  by  pretio» 
ly  mixing  it  with  sand.  The  results  show,  that  it  isc*" 
posed  of  the  usual  principles  of  vegetable  matter,  and,  fW 
pared  with  the  other  vegetable  acids,  that  hydrogen  pw'* 


•  Pbilosophical  Magazine,  vol.  si*,  p.  391. 


OF  BENZOIC  ACID.  339 

nunates  in  its  composition,  to  which^  probablyi  its  volatility 
and  inflammability  are  owing. 

It  is  scarcely  soluble  in  cold  water.  According  to  Wen- 
zd  and  Lichtensteiny  400  parts  of  cold  water  are  required 
fcr  dissolTlng  one  part  of  it ;  while  the  same  quantity  of 
boiling  water  can  dissolve  20  parts  of  it,  19  of  which  again 
separate  by  crystallization  on  cooling.  Its  hot  solution 
reddens  the  infusion  of  litmus.  Alkohol  dissolves  it  abun- 
dintly  I  and  it  is  precipitated  from  this  solution  by  the  ad- 
dition of  cold  water. 

Benzoic*  acid  is  not  easily  decomposed  by  the  mineral 
^s. ,  Sulphuric  acid  dissolves  it ;  and^  on  the  addition 
of  water,  the  benzoic  acid  is  separated  unaltered,  a  small 
portion  of  it  having  been  decomposed,  as,  according  to 
Bergman,' a  little  sulphurous  acid  is  formed.  Nitric  acid 
<li88olves  it,  and  water  equally  separates  it  from  this  solu- 
tion umdtered  ;  but  if  the  acid  be  distilled  from  it,  it  snf- 
^,  according  to  Hermbstaedt,  some  chemical  change. 

This  acid  unites  easily  with  the  alkalis  and  earths.  Its 
salts^re  denominated  Benzoates :  their  properties  are  not 
important,  and  have  not  been  very  fully  described. 

Benzoate  of  potassa  is  obtained  in  acicular  crystals,  which 
m  soluble  in  water,, and  deliquescent.  Benzoate  of  soda 
is  equally  soluble  and  crystallizable,  but,  according  to  Berg- 
man, does  not  deliquesce.  Benzoate  of  ammonia  is  pos- 
sessed of  the  same  properties ;  is  volatile,  and  easily  decono- 
posed.  Benzoate  of  barytes,  unlike  many  of  the  barytic 
saltSj  is  likewise  very  soluble,  and  crystallizes  without  dif- 
ficulty. The  same  may  be  said  of  benzoate  of  lime.  The 
benzoates  of  magnesia  and  argil  are  soluble^  crystallizable, 
and  deliquescent. 

Y2 
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The  combinations  of  benzoic  acid  with  the  met^l 
been  made  the  subject  of  experiment  by  Trommsdorff.  He 
boiled,  either  on  the  meta!  in  a  state  of  mechanical  diviiion, 
or  on  its  oicide,  the  acid  of  benzoin}  with  as  much  wiict 
38  was  sufficient  for  its  solution  s  and  by  this  general  a- 
periment  established  (he  following  results :  With  oxideof 
gold,  a  solution  was  obtained  which  shoots  into  irrcgiilii 
crystals,  which  are  permanent  in  the  air,  dissolve  with  dit 
&culty  in  water,  and  scarcely  at  al)  in  alkohol.     TheoiiJe 
of  silver  is  scarcely  dissolved  ;  but  a  benzoale  of  this  me- 
tal  is  obtained,  by  adding  benzoate  of  potassa  to  a  Eolation 
of  nitrate  of  silver;  a  precipitate  is  thrown  down,  whicb 
is  soluble  in  hot  water,  but  precipitates  again  on  cooling 
and  which,  like  the  other  salts  of  silver,  is  bbckefud  )fj 
light.    The  solution  of  oxide  of  platina  affords  minute 
gregated  crystals,  pernianeiit  in  the  air,  dilEcuItlf  solaUt 
in  water,  and  insolul.le  in  alkohol.      The  sol 
of  quicksilver  affords  by  evaporation  a  white  brilliant  mau, 
somewhat  soluble  in  alkohol,  but  not  sensibly  soluble 
water.    Oxide  of  copper  is  easily  dissolved  by  the  acid,  ioi 
3  solution  obtained,  which  shoots  into  small  pointed' 
tals  of  a  dark  green  colour,  diihcuhly  soluble  in  water,  uxl 
insoluble  in  alkohol.    Oxide  of  tin  is  not  dissolved.    \itd 
is  somewhat  eroded,  and  its  oxide  is  dissolved  reidil*, 
forming  a  solution  of  a  swectioh  taste,  which  shoot* 
very  white  shining  crystals,  soluble  both  in  water  and  is 
alkohol.     Iron  is  dissolved  in  small  quantity  :  thesoluiioi 
obtained  from  the  oiidc  affords  crystals  of  a  yellowial 
tinge,  having  a  sweet  taste,  which  are  soluble  in  vtia, 
and  become  more  highly  oxidized  from  exposure  to  the 
The  solution  of  oxide  of  zinc  has  a  sweet  styptic  usic,  an' 
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yidds  arborescent  crystals,  which  are  soluble  both  in  at 
fcohol  and  water.     The  solution  of  oxide  of  bismuth  yields 
a  light  mass,  composed  of  white  crystalline  spiculx,  easily 
«olable  in  boiling  water,  and  sparingly  soluble  in  alkohol. 
Oxide  of  antimony  affords  a  solution  which  does  not  crys- 
tallize, but,  on  evaporation,  gires  a  white  flaky  mass,  rea* 
<iily  soluble  in  water,  and  in  alkohol.      White  oxide  of 
manganese  is  dissolved  by  the  acid  boiled  on  it,  and,  by 
evaporation,  small  scaly  crystals  are  obtained,  abundantly 
eoluble.     Oxide  of  nickel  gives  a  solution  of  a  pale  green 
CciouTf  which  does  not  crystallize.     The  solution  of  oxide 
of  cobalt  affords  crystals  of  nearly  the  same  figure  as  the 
benzoic  acid  itself.     The  solution  of  oxide  of  arsenic  gives 
plumose  crystals,  which  exposed  to  the  air  effloresce, 
which  are  soluble  in  hot  water,  and  crystallis^e  on  cooling*. 
Benzoic  acid,  either  in  its  pure  form,  or  in  any  of  its 
combinations,  is  applied  to  no  use.     It  was  formerly  em- 
ployed in  the  practice  of  medicine,  and  still  enters  into 
one  or  two  officinal  preparations  j  but  it  does  not  appear 
fo  have  any  medicinal  virtue. 


SECT.  XX r. 

OF  ACETIC  ACIP. 

This,  like  several  of  the  other  vegetable  acids,  is  a  na- 
tiire  production,  and  is  also  capable  of  being  artificially 
formed.     It  exists,  as  has  already  been  remarked,  (page 

*  Crell's  Chemical  Journal,  vol.  iii.  p.  lU 
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22.)  verjr  generally  in  the  sap  of  vegetabks, 
with  potasea  and  lime,  and  is  sometimes  also  pncwntis 
excess.  It  is  discovered  by  CTaporating  the  sap,  attdtdd- 
ing  to  the  Bolid  mailer  sulphunc  acid :  the  vapooa  at 
acetic  acid  are  then  perceived  by  their  smell.  It  ivteM 
peculiarly,  however,  the  produce  of  fermentation;  anddtr 
productian  o(  it  even  characterizes  one  stage  of  that  pRV 
cess.  It  is  under  it,  therefore,  that  its  chemicaJ  btWJ 
will  beet  be  placed* 
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The  Acintowhichthis  namehasbccn  given,  is  Uiualk- 
obtained  in  the  decomposition  of  certain  animal  substancn 
by  heat,  being  formed  by  new  combinations  of  tlie  elements 
of  animal  matter.  But  it  lias  lately  been  discovered,  that 
it  exists  also  as  a  product  of  the  vegetable  system.  It  hvl 
always  been  observed,  that  this  acid  has  even  in  a  high  de- 
gree the  peculiar  fragrant  smell  of  peach  blossoms  i  and  it 
had  also  been  observed,  that  the  same  smell,  more  or  less 
faint,  is  perceptible  in  the  distilled  waters  from  the  leaves 
of  the  cherry- laurel,  the  seeds  of  the  bitter  almond,  and 
some  similar  vegetables,  all  of  which  are  more  or  lesSDir- 
cotic.  Bohn  at  length  found,  that  when  potassz  was  add- 
ed to  the  water  distilled  from  the  bitter  almond,  it  ac- 
quired the  property  of  forming  a  blue  precipitate  with  se- 
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t 
lations  of  Iroiij^the  sure  indkation  «f  the  pteeence  of 
prussic  acid.  Schracder  confirmed  thUj  «iid  found  far- 
ther, tliat  the  saioe  acid  18  oontained  in  the  distiUed 
waters  of  the  peach  blossom  and  the  cbenry-laurel>  so  that 
even  a  prussiate  might  be  obtained  from  them  crjrstalllzedt 
bj  dtstilliog  them  from  potassa*  These  singular  results 
iirere  confirmed  by  Vauquelin  and  by  Buchofz.  The  la^ 
4er  chemist  succeeded  in  separating  prussic  acid  from  the 
essential  oil  of  the  cherry*laurel,  by  agitation  with  solution 
of  potassa.  And  Roloff  has  since  showUf  that  lime-wft- 
ter,  and  water  of  aounonia,  with  the  latter  of  which  Bi>- 
cholis  did  not  succeed,  abstract  the  prussic  acid  from  the 
skme  oil,  as  well  as  from  the  oil  of  the  bitter  almond  *• 
Prussic  acid  therefore  may  be  classed  with  the  regetable 
acids  I  but  as  it  is  more  peculiarly  formed  from  animal 
matter,  and  is  more  analogous  in  composition  to  atiimd 
substances,  its  history  will  be  afterwards  delivered. 


SECT.  XXIIU 


or  MOROXTLIC   ACin» 


This  name  has  been  given  by  Kiaprotfa  to  an  acid 
Wfliich  he  extracted  from  a  saline  efflorescence,  found  by 
ULi  ^rhomson  to  form  on  the  trunk  of  die  white  mulberry 
^Moms  alba),  in  the  botanical  garden  at  Palermo.     The 


*  Journal  dc  Physique,  torn.  li.  p.  165.  179.  torn.  Ivi.  An* 
^alcs  de  Chimic^  torn.  zlt.  Piubtoplucal  Magazine,  vol.  x? iii. 


['■examination  of  it  waa  imperfect,  from  the  smallness  of  the 
^quantity  of  the  substance  affaiding  it  in  the  possession  « 
Klaproth ;  but  as  he  regards  it  as  a  peculiar  acid,  it  is  ne- 
cessary to  give  it  a  place,  though  farther  investigation  anj 
perhaps  connect  it  with  one  or  other  of  the  acids  aticadf 
known.  In  its  properties  it  approaches  nearest  to  the 
succinic  acid. 

The  saline  exudation,  according  to  Klaproth's  experi- 
'  'ineniE,  consists  of  this  acid  in  combination  with  lime,  and 
Biixed  with  a  portion  of  extractive  matter.  It  U  of  a  brown 
colour ;  approaches  to  succinic  add  in  its  taste ;  swclU  up 
when  placed  on  burning  fuel,  and  emits  an  acrid  vapour, 
leaving  an  earthy  residuum.  Dy  solution  in  water,  anil 
crystallization,  the  saline  matter  is  obtained  more  pure, 
and  of  a  lighter  colour.  The  alkaline  carbonates  precipi- 
tate lime  from  its  solution,  and  precipitates  are  also  form- 
ed from  it  by  nitrate  of  silver  and  acctlte  of  lead.  Expos- 
ed to  heat,  it  gives  an  acid  liquor,  an  empyreumaticoll,lh( 
gases  that  are  u-jually  disengaged  from  vegetable  matter  i 
and  leaves  a  residuum  of  charcoal  and  lime. 

The  pure  acid  was  obtained  from  this  salt  by  two  pro- 
cesses. In  the  first,  to  a  solution  of  the  salt  a  soluiica^ 
of  acetate  of  lead  was  added ;  the  precipitate  thus  form.— * 
ed,  consisting  of  the  acid  united  with  oxide  of  lead,  wa.^ 
mixed  with  sulphuric  acid,  diluted  with  three  times  iti  - 
weight  of  water.  Sulphate  of  lead  was  formed,  and  tb  ^ 
filtered  liquor,  by  evaporation,  afforded  the  morozylic  acii^' 
in  needles  of  a  pale  straw  colour.  In  the  second,  the  sif  * 
itself  was  decomposed  by  sulphuric  acid,  the  sulphate  c* 
lime  separated,  and  the  pure  acid  obtained. 

This  acid  approaches  still  more  nearly  than  the  i^Ir 
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from  which  it  is  obtained  to  succinic  acid  in  its  taste.  It 
remains  dr  j  on  exposure  to  the  air,  and  is  soluble  both  in 
water  and  in  alkohol.  When  heated  in  a  r^ort,  a  small 
quantit  J  of  acid  liquor  is  first  obtained  :  a  concrete  salt 
%iezt  rises,  which  condenses  in  the  form  of  prismatic  crys« 
tals,  coloutless  and  transparent ;  a  little  charcoal  remained 
in  the  retort.  To  separate  the  sublimed  salt  from  the 
coally  residuum,  the  whole  contents  of  the  retort  were  dis- 
solved, and  the  liquor  filtered.  The  solution  was  perfect- 
ly clear,  and,  by  spontaneous  evaporation,  deposited  the  a* 
cid  in  colourless  crystals.  It  appears,  therefore,  that  sub- 
limation is  the  best  mode  of  obtaining  it  free  from  the  ex-  . 
tractive  matter,  which  adheres  too  strongly  to  it  to  be  se- 
parated in  the  humid  way.  This  acid,  in  its  pure  state, 
did  not  precipitate  the  metallic  solutions,  as  the  native  salt 
does  from  which  it  is  extracted  *. 


SECT.  XXIV. 


OF  WOOD  OR  LIGNIN. 


"Wood  is  in  every  vegetable  the  basis  to  which  the  other 
principles  are  attached,  or  through  which  they  are  diffused ; 
the  skeleton  a$  it  were  of  the  entire  plant,  and  the  sub- 
stance of  which  its  vessels  are  formed.  The  bark,  and 
the  fibrous  part  of  the  leaves,  appear  to  be  of  a  similar  na- 
ture. The  term  Woody  Fibre  has  been  applied  to  denote 
it,  or  the  name  Lignin  may  be  given  to  it  as  a  peculiar 


*,  Nicholson's  Journal,  voL  x.  p.  129. 
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principle.  It  has  everj  chim  to  be  reganlctl  as  suchi  >tna 
it  ia  poascased  of  properties  !>ut]icicniiy  appropriuct  and 
wliich  ire  posKBsed  by  it  uniformly  as  it  exists  ia  diSerenc 
plants. 

Wood  is  distinctly  fibrous  in  its  texture,  md,  at  famf 
ing  the  solid  parts  of  ptauis,  \hete  fibres  are  interUccd.  Il 
is  inodoroae,  insipid,  ajid  peihaps  wheu  peTfccily  pure  it 
flee  from  colour-  Its  speciiic  gr^ity  ia  generally  inferiot 
lo  that  of  water.  The  wood  of  plants,  however,  is  fiv 
quently  possessed  of  colour,  taste  and  smell,  from  the  pre- 
sence of  extractive  nia,ltct,  muclbge,  Teain>  or  eucntial  oiL 
it  is  only  when  these  have  been  extracted  by  the  actkmof 
water  and  alkohol,  that  the  wood  can,  as  a  chemical  pnit- 
cipte,  be  regarded  as  pure.  A  fibrous  matter  oftrn  pn^ 
verulent,  remains  after  this  operation,  and  it  it  from  this 
that  the  characters  of  this  principle  roust  be  derived. 

The  pure  ligneous  fibre  is  altogether  insoluble  in  water : 
even  when  the  water  is  boiled  on  it,  it  is  not  dissolved. 
It  is  equally  insoluble  in  alkohol :  and  hence  it  forms  the 
residuum,  when  any  of  the  solid  parts  of  plants  have  been 
acted  on  by  these  fluids. 

From  exposure  to  the  air  in  a  dry  state,  it  docs  not  a[v 
pear  to  suffer  any  change  ^  but  when  humid,  it  is  gradu- 
ally  decompcscil,  and  passes  through  various  iiitcrmrdiata 
states  to  that  of  a  black  mould,  consisting  principally  of 
caibun.  Siusmve  Jiiiiiar  has  found,  that  the  oxygen  of  the 
atmospheric  air  is,  during  this  change,  consumed,  and  that 
it  is  replaced  by  an  equal  volume  of  carbonic  acid  gas  i 
and  he  concludes  from  his  experiments,  that  the  oxygea 
abstracts  part  of  the  carbon  of  the  wood,  but  that  it  loses 
at  tlie  same  time  a  larger  proportion  of  its  oxygen  and  hy- 


drogefl,  whtch  form  "M-ater  -,  and  thit  by  the  abstraction  of 
these  priocipIeS)  the  proportion  of  carbon  is  iocreasecl  in 
ttic  Tcsidiul  matter.  When  the  air  is  excluded,  and  [he 
vood  is  decumposcd  by  the  influence  of  water  alone,  with> 
*  out  the  contact  of  oxygen,  the  changes  are  difTerent,  and 
the  proportion  oT  carbon  is  rjthei  iliniiuiiiied  than  in- 
creased *.  It  is  known  too,  that  when  the  air  is  entirely 
excluded,  wood  decomposes  with  extreme  slowness,  even 
though  humid,  as,  for  example,  when  il  is  buried  in  the 
earth.  It  is  only  by  the  joint  action  of  air  and  water,  [hat 
its  rapid  dccoaipofiiiion  is  occasioned. 

According  to  the  same  chemist,  water  boiled  on  wood^ 
twt  merely  dissolves  the  extractive  matter  it  contains,  but 
stitually  fotmt  a  portion  of  it,  so  that  it  is  impossible  to 
rrduce  wood  by  repeated  decoctions  lo  inch  a  stale  thai  it 
UuU  not  aiTord  it;  each  decoction  or  maceration,  with  the 
contact  of  the  air,  producing  a  portion  of  extract  which 
either  did  not  before  cxut,  or  which  is  rendered  solubls 
by  a  cliangc  in  its  principle).  He  boiled  a  quantity  of  oak 
■sW'dust,  (ilurec  ounces),  in  twenty-four  times  its  weight 
of  wateri  poured  uSE  the  decoction,  eviporated  it  so  as  to 
ascertain  the  quaiiiiiy  of  inaiier  dissolved,  and  repeated 
this  a  number  of  times.  The  quantity  of  matter  afiorded 
by  the  &rti  decoction  was  90  grains ;  that  by  ihc  second 
S9  grajiu.  It  continued  to  diminish  to  the  ninth  decoc- 
tion I  the  eleventh  and  twelfth  afforded  the  same  quantity 
as  th«  ninth,  amounting  to  4  grains.  The  remaining  saw- 
dust was  then  exposed  to  the  air  for  two  months.  C^  be- 
ins  Enfacniued  to  a  new  decoction,  it  gave  5'  grains  of  ex- 


*  Recberches  Chtauques,  p.  118. 
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tract,  a  quantity  therefore  greater  than  at  the  nintli  dtcoc- 
tion :  tile  founeentK  decoction  aiTorded  4  grains :  aiid  if- 
ter  a  new  exposure  for  two  months  to  the  air,  the  quanti- 
ty was  again  augmented  to  5li  grains.  Wood,  the  musi 
Completety  freed  of  its  soluble  principles,  furnishes  always  * 
by  maceration  ia  water  with  the  contact  of  air,  infusions  ■ 
holding  extractive  matter  dissolved  '. 

The  alkalis  act  on  wood  :  when  an  alkaline  solution  is 
sltotred  to  remain  over  any  wood,  it  receives  colour,  and, 
tite  colour  of  i}ie  wood  is  also  darkened.  Wiib  the  a»> 
sistance  of  lieat,  they  soften,  and  partly  dissolve  and  deC0iA> 
pose  it. 

The  stronger  acids  also  act  on  it.  Sulphuric  acid  im- 
Oiediately  chars  it,  rendering  ic  in  a  short  time  perfectly 
black  and  soft.  Nitric  acid  immediately  gives  it  a  yellow 
tinge  }  and  when  acting  on  it  in  large  quantity,  it  diseii- 
gagcs,  according  to  Fourcroy,  a  portion  cf  nitroijen  gas, 
and  converts  it  principally  into  oxalic  acid,  with  amall 
quantities  of  malic  and  acetic  acids. 

"When  wood  is  exposed  to  heat  in  close  vessels,  as  in  >n 
iron  retort,  a  portion  of  water  distils  over,  which,  a  the 
diatillation  proceeds,  becomes  more  and  more  acid,  and  at 
length  a  liquor  very  acid  and  pungent,  of  a  yetluw  colour* 
is  condensed  ;  an  cmpyreumatic  oil  likewise  passes  over  icV 
considerable  quantity  :  carburetted  hydrogen,  and  carbonic- 
acid  gases  are  likewise  disengaged,  and  a  portion  of  an*" 
monia  is  produced,  which  exists  neutralized  in  the  aci'^ 
liquor.    A  concrete  cliarcoal  remains,  which  retains  coof- 
pletely  the  figure,  and  even  in  some  measure  the  teituK? 
of  the  wood.     The  acid  procured  in  this  process,  »>< 


*  RcchcrtliM  Chimiquvi,  p.  150. 
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y  regarded  as  a  peculiar  one,  and  named  Pyro-ligne- 
ous  Acid.  The  researches  of  Fourcroy  and  Vauquelia 
faave  shewn,  that  it  is  meTcly  diluted  acetic  acid,  with  an 
impregnation  of  empyreumatic  oil.  It  is  afforded  in  so 
bige  a  quantity,  that  the  process  ia  eren  employed  to  fur- 
nish this  acid,  for  some  of  the  purposes  to  which  it  is  ap- 
plied. In  preparing  charcoal  for  the  fabrication  of  pin 
powder,  the  wood  being  distilled  in  iron  retorts,  the  add 
liquor  it  collected,  and  is  used  by  the  calico-printers  to 
farm  the  acetate  of  iron,  which  they  employ  as  a  mordant. 
When  wood  is  heated,  without  tlie  air  being  peifcctly 
excluded,  it  becomes  black,  exhales  acrid  penetrating  va- 
ponrs,  composed  of  the  eoi  pyre uidj tic  acid  and  oil,  and 
the  charcoal  remains.  It  affords,  after  its  combustion,  a 
4]uantity  of  saline  matter,  principal'y  carbonate  and  sul- 
phate of  potasaa  and  of  lime,  muriate  of  potas^a,  and  phos* 
phatea  of  magnesia  and  limci  atid  alto  portions  of  earths 
and  metalj,  particularly  silcx,  iron,  and  manganese.  All 
(hl^*el  however,  are  not  essential  to  the  composition ;  on 
the  contrary,  (he  greater  number  are  accidental^  and,  as 
Sausiuie  has  sliewn,  often  dt- pendent  on  the  soil,  and  de- 
rived from  it»  as  has  been  already  stated  (p.  100).  The 
|iotiton  of  charcoal  afforded  by  different  woods,  is  differ- 
ent, being  more  as  the  wood  is  compact  and  dense  :  and 
the  qtuntity  of  saline  matter  afforded  Is  also  different. 
On  this  subject,  tbo  rcscirches  of  Saussure  have  been  ex- 
teuiiTei  and  his  tables,  which  arc  too  numerous  to  be  iiv- 
•cTtedf  present  a  number  of  facta  on  the  incineration  of  i 
diffcrmt  woods,  the  quantity  of  sal:ne  matter  it  atTurdft, 
and  the  circumstances  by  which  the  prcdueiion  of  this  ap- 
pears W  be  influenced. 


When  the  air  is  freely  admitted,  and  the  heat  nisvdtS 
ignition,  wcmd  burns.  Its  combustion  is  at  first  vivid,  oi' 
gives  much  light,  frafn  the  extrication  of  the  hydrogen  hi 
combination  with  a  part  of  its  carbon,  but  as  this  is  disn- 
pated,  the  light  is  diminished,  and  there  is  at  length  only  '^ 
the  red  glow  of  the  charcoal.  The  products  of  the 
bugtion  have  not  been  ai^certained  with  much  accuracf.! 
They  are  principally  carbonic  acid  and  water ;  and  if  of 
trogen  be  a  coiistitaent  principle  of  wood,  as  its  analyttv' 
by  heat  appears  to  prove,  ammonia  will  probably  also  bv' 
evolved.  An  ammoniacal  salt  is  accordingly  always  found' 
in  the  soot  of  fuel.  "^ 

From  the  analysis  of  wood,  it  appears  to  consist  of  caifc* 
bon,  hydrogen,  oiygen,  and  nitrogen,  with  probably  limftl 
It  is  evidently,  of  all  the  vegetable  principles,  that  whictt' 
contains  the  largest  proportion  of  carbon  ;  since,  indepeiK 
dent  of  the  quantity  of  this  principle  disengaged  m  its  ana- 
lysis, in  the  State  of  carbonic  acid  and  other  elastic  pn> 
ducts,  the  residual  charcoal  amounts  to  one  fourth  or  fifth 
of  the  weight  of  the  original  wood.  From  this  predomi- 
nance of  carbon,  it  probably  derives  its  solidity,  and  it* 
inactivity  as  a  chemical  substance. 


CoBK  is  a  substance  analogous  to  wood.  The  subifafii* 
to  which  this  name  is  usually  appropriated,  is  the  extfrml 
bark  of  the  Qucrcus  suber ;  but  Fourcroy  supposes,  ih't 
the  epidermis  of  all  ligneous  vegetables  is  of  a  similirni- 
ture  -,  and  they  are  probably  all  varieties  of  the  inititf 
which  constitutes  the  ligneous  fibre. 
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It  is  light,  soft,  spongy,  and  elnsiic  :  ii  h  infljmma* 
Me ;  afTords  a  littk  ammonta  by  distillation  ;  and  is  acted 
oti  by  chemical  ageiit3>  in  nearly  the  same  manner  as  wood. 

The  principal  peculiarity  with  regard  tr>  i(,  and  in  which 
it  diffm  frotn  wood,  is  that  of  aflbrding  an  acid  diiferetit 
from  ercry  other,  when  acted  on  by  the  nitric  acid.  Thi* 
W3(  firM  obierved  by  Bnignatclli ;  but  the  production  and 
propertiw  of  this;tcid,  nanncd  the  Suberic,  hare  been  more 
fully  investigated  by  Bouillon  Lagrange  '. 

The  procna  which  he  employed  to  obtain  a,  consists  iti 
pouring  on  cork  in  a  retort,  six  timet  its  weight  of  diluted 
nitric  add,  and  distilling  it  from  it  witli  a  gentle  heat. 
When  the  heat  is  applied,  red  ropours  are  extricated  i  the 
cork  swells  and  becomes  yellow ;  and  as  the  distillation 
proceeds  a  wft  spongy  matter  rises  to  the  surfjce.  The 
distillation  is  continued,  until  the  production  of  r«d  va- 
ponrt  cexses  :  the  whole,  while*  warm,  is  poured  into  > 
glass  or  porcehain  b^ison,  placed  on  a  sand-bath,  and  a  m^ 
Aerate  heat  is  applied,  stirring  the  matter  constantly  with 
a  glass  spatula.  It  is  thus  gradually  thickcnfd  :  and  as  soon 
«t  it  ceMcs  to  disengage  white  irritating  vapours,  tlie  Tea- 
sel is  removed  from  the  sand-bath,  and  tlie  residual  masi 
tgitated  until  it  is  no^arly  cold.  A  substance  is  obtained, 
of  the  ronsintence  of  honey,  of  a  yellow  colour,  and  a  sharp 
penctnring  odour  when  it  is  warm,  an  aromatic  odoor 
when  coM.  To  obtain  the  acid  which  is  contained  in  if, 
k  h  put  into  a  matrass,  and  twice  its  weight  of  distilled 
water  it  poured  upon  iti  it  is  heated  so  aa'to  liquefy  it, 
and  the  solution  is  6Iiered  from  the  purt  that  is  not  dis- 


"  Aimali-s  de  Cliiniic,  torn. : 


lolved  by  the  water.  It  is  of  a  clear  amber  colour,  and  hsi 
A  smell  approaching  to  lliat  of  prussic  acid  :  on  cooling  it 
becomes  turbid;  the  preci|>itJte  wliich  f jIIs  down  is sepl* 
rated  by  Ultration,  and  the  acid  obtained  more  purr,  li 
ia  still,  however,  somewhat  cnloured,  but  the  colour  is  tp> 

moved,  either  by  saturating  it  with  an  alkali,  and  agjin 

^H,  precipitating  it  by  an  acid,  or  by  boiling  it  with  cfaircoaL 
"  .     It  U  obvious,  that  in  this  operation  the  production  of  the 
acid  is  owing  to  the  communication  of  oxygen  from  the 
nitric  acid  to  the  principles  of  the  cork,  though  how  fu 
\^    toy  of  these  is  expended  in  the  formation  of  products  dif- 
^Bierent  from  the  acid,  is  not  determined.     Carbonic  add 
^r  gas  is  disengaged  during  the  operation,  along  with  tbc  ni- 
trous vapours.     The  matter  deposited  during  the  forma- 
tion of  the  acid,  consists  principally  of  a  substance  whicK 
separates  and  assumes  the  consistence  of  wax,  and  tA  i 
white  tasteless  powder,  which  has  some  analogy  with  fe- 
cula. 

Suberic  acid  may  be  obtained  in  a  solid  form,  but  is  not 
crystallizablei  it  is  either  pulverulent  when  it  has  been  pre- 
cipitated, or  when  obtained  by  evaporation  is  in  thin  iire' 
gular  pellicles.     Its  taste  is  slightly  bitter  and  acid  :  dis' 
solved  in  a  small  quantity  of  boiling  water,  it  is  initatin^^ 
to  the  throat,  and  excites  coughing.     It  reddens  thevegr— 
table  colours,  and  it  attracts  a  little  humidity  from  th^K 
air,  especially  when  it  is  not  perfectly  pure.     Exposed  t^c: 
heat,  it  is  volatilized,  and  forms  crystalline  flakes  on  th^* 
sides  of  theX'essel.     Heated  by  the  blow-pipe,  it  first  li^ — 
qucfies,  then  becomes  pulverulent,  and  lastly  is  sublimed^ 
exhaling  an  odour  of  sebacic  acid.  It  becomes  brown  fio>^ 
erposure  to  light. 
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'At  die- tempenture  of  60^»  an  ounce  of  water  dbsplf  es 
10  grains  of  the  concrete  acid*  but  if  it  i$  verf  pure,  i|Qt 
more  than  4  grains.  Boiling  vater  dissolves  half  its 
weight. 

It  is  not  altered  by  ox]rgen  gas.  The  minenili  or  the 
odier  vegetable  acids,  have  little  action  on  it,  and  do  not 
compkfiely  dissolve  it,  especially  when  it  is  not  quite  pure. 
Alkohol  developes  in  it  as  ^ro«iatic  odotir« 

Suberic  add  unites  wi$i  the  aliialis  and  earths.  Its  salts 
ne  named  Soberates.  The  auneral  acids  in  general  pre- 
cqiitate  tlie  suberic  acid  from  tfarir  solutions  i  and  diej  are 
decomposed  by  setutiotts  of  almost  all  the  metallic  salts* 

fiubemte  of  poiasaa,  formed  by  adding  suberic  acid  to 
-carimaate  of  potassa,  crystalliaes  in  f Qur*>sided  prisdss ;  has 
a  bitler  saHae  Caste ;  is  fused  and  decomposed  by  heati 
and  very  soluble  in  water.  Suberate  of  soda  does  not  cry- 
stallise :  hs  taste  is  sUghtly  bitter  ;  it  is  very  soluble  in 
water,  and  attracts  humidity  from  the  air.  It  is  also  so- 
luble in  alkohol.  Suberate  of  ammonia  has  a  saline  bit^ 
tensfa  taste :  it  is  crystallizable  y  is  very  soluble  in  wa- 
ter$  attracts  a  Iktle  humidity  fmm  tht  air,  and  is  volati- 
JiEed  wlien  heated  before  the  blow«pipe.  Suberate  of  ba-^ 
rytes  is  not  crystaUizable,  and  is  scarcely  soluble  in  watcr« 
jexcepc  from  eicess  of  acid«  Suberate  of  lime  is  also  very 
^pasingly  soluble  in  water  :  boiling  water  dissolves  a  por- 
tion of  it,  but  the  greater  part  precipitates  on  coolings 
star  does  it  cryetaltize  :  it  is  petf ectly  white :  its  taste  is  a 
litde  saUne.  Sdserate  of  magnesia  is  in  die  form  of  a  pow- 
der :  it  has  a  bitter  taste  ;  attracts  a  little  humidity  from 
tlie  air;  is  soluble  in  water,  and  is  decomposed  by  heat. 
Suberate  of  argil  cannot  be  obtained  in  a  crystalliae  form^ 
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but,  when  reduced  to  dryness  by  evaporation, 
Elati!  of  a  dr»  mass,  o£  a  yellow  colour,  transparent,  hiring 
a  styptic  bitierish  taste :  if  too  much  heat  haa  been  applied, 
it  melts  and  becomes  bijck. 

Suberic  ucid  has  no  action  on  plitina,  gold  or  nickol ; 
■  bat  it  forms  salts  with  the  greater  numbi^r  of  the  otbct 
metals.  In  general  these  saiia  do  not  crystnUize,  and  they 
have  a  lenduncy  to  form  with  an  excess  of  acid.  Its  ac- 
tion on  some  metallic  solutioi^  give  some  appeuancei 
which  may  serve  to  distinguish  it.  It  decompotet  acetate 
and  nitrate  of  le^id,  and  nitrates  of  mercury  and  silver: 
with  nitrate  of  copper  it  forms  nopredpilaie,  but  the  b!ue 
colour  of  the  EoluCion  passes  to  green,  as  does  also  that  of 
sulphate  of  copper ;  the  solution  of  sulphate  of  troo  b^ 
comes  of  a  deep  yellow,  and  that  of  sulphate  of  zinc  of  a  | 
clear  golden  yellow.  . 

A  character  pecLiiiar  to  it  is,  that  when  a  few  drops  of 
it  are  added  to  a  solution  of  indigo  in  sulphuric  acid,  it 
causes  the  blue  colour  to  pass  to  a  green. 

Bouillon  Lagrange',  in  concluding  his  memoir  on  this 
acid,  points  out  the  characters  by  which  it  is  distinguish- 
ed from  the  known  vegetable  acids  :  from  the  citric,  by 
not  crystallizing  i  from  the  gallic,  by  not  precipitating  iron 
black  i  from  the  mallic,  by  being  obtained  in  a  concrete 
form  ;  from  the  tartaric,  by  its  volatility  ;  from  the  oxalic, 
by  not  precipitating  the  solution  of  sulphate  of  copper,  and 
by  yielding  to  it  lime.  From  these,  and  the  phenomeni 
presented  in  its  combinations,  he  considers  it  as  proved  to 
he  diftert-nt  from  all  tiie  other  acids. 

These  observations  are  so  far  just.  Yet  it  is  to  be  ob- 
served, that  this  acid  does  iict  appear  to  have  ever  been  ob- 
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tained  pure.  A  portion  of  extractive  matter  b  formed  along 
with  it,  in  the  oxygenizement  of  the  cork,  which  still  ad- 
heres to  it,  and  which  appears  to  be  only  partially  abstract- 
ed» as  is  evident  from  the  aromatic  odour  which  alkohol 
deveiopes  in  it,  and  from  a  fact  incidentally  mentioned  by 
Lagrange,  that  it  is  only  by  presenting  it  to  carbonate  of 
potassa,  that  the  suberate  of  that  alkali  can  be  formed,  as 
if  pore  potassa  be  employed,  it  acts  upon  the  acid,  and 
gives  it  a  deep  colour.  It  is  obvibus,  that  We  cannot  de- 
temmie  how  far  the  peculiar  properties  it  exhibits  may  be 
owing  to  the  foreign  matter  thua  combined  with  it. 


The  Ligneous  Fibre  is  probably  the  basis  of  other  ve- 
getable productions,  as  of  the  fibres  of  flax,  cotton,  and 
other  vegetables  *which  are  dressed  and  wove  intd  cloth. 
They  agree  with  it,  not  only  in  their  natural  production 
and  their  texture,  but  in  chemical  qualities  ;  particularly 
in  inflanmiability,  insolubility  in  water  or  alkohol,  and  in 
the  changes  they  suffer  from  the  alkalis,  the  mineral  acids, 
and  other  re*agents.  And  any  differences  they  do  present, 
ate  probably  to  be  ascribed  to  their  state  of  aggregation^ 
or  to  slight  modifications  of  composition.  If  this  view  be 
juttf  the  basis  of  paper  must  consist  of  the  same  principle, 
and  it  exhibits  nearly  the  same  chemical  qualities. 
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I  PLACE  ihe9e  principles  under  one  section,  ud  » 
ttoseof  ihEhiBtory  of  the  vegetable  substances,  as  theitfl 
isteTice,  though  maintained  by  some  modem  chemicts,! 
pe.irs  to  mc  to  be  extremely  doubtful.  The  sennble  qu* 
littcs  ascribed  to  them,  and  from  which  their  names  and 
disunctive  characters  are  derived)  are  such  as  may  belong 
to  any  of  the  known  vegetable  principles,  and  are  indeed 
fiossessed  by  principles  of  the  most  opposite  kind  ;  «nd  it 
appears  a  very  unfounded  and  unphilosophical  hypothcui 
to  assume,  th:it  chore  are  distinct  principles  in  m-hich  they 
reside.  Should  a  principle  different  from  others  prerioof* 
Jy  known  be  discovered,  which  possessed  btttemesa,  or  any 
'other  of  these  qualities,  and  should  eren  this  principle  be 
detected  in  more  ibati  one  vegetable,  endowed  with  the 
<8ame  property,  still  it  ought  not  to  be  characterised  from 
it,  since  it  cannot  be  pretended  that  that  qu^ity  is  in  ill 
cases  attached  to  a  principle  of  this  kind,  and,  as  existing 
in  any  vegetable  product,  depends  on  the  presence  of  a 
poriion  cf  this  principle.  Tlie  principle,  therefore,  w«* 
its  existence  established,  should  be  Jiscingultdiod  from  che- 
mical quniilies  belonging  ;t  it;  and  the  sensible  quality. 
from  w  hicli  in  this  mode  of  classification  it  has  derived  its 
name,  on.-iit  lo  be  Lonsi-ler'-d  as  rather  accidentally  than 
essentially  connecled  with  it.     As  these  principles,  {lo*- 
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V  bare  been  supposed  to  cxistt  and  as 
•one  of  them  there  are  f4ct6  which  to  »  c 
voar  the  opinion,  it  nay  be  necetRary,  in 
hittory  of  th«  vegetable  proximate  prin 

L     imttf  tlie  observations  or  the  reasonings « 

^^■ftecte*!  with  ihia  subject. 
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CoLOUKiNG  UATT&H.  |i  has  been  GuppostJ,  that  a  pe- 
caliar  proxitnaie  principle  enists  in  vegetableSr  in  which 
tbeit  colour  frequeiitljr  i^sides,  and  which  has  hence  re- 
Cctred  the  name  of  CoJouring  Matter.     In    ihis  opiniot) 
there  is  a  degree  of  obicurity  and  vagueness.     Colour  be- 
ing a  Jccondary  quality,  which  may  reside  in  any  princi- 
ple, aad  which  ofien  ie  esbibiied  by  princlptes  of  the  most 
opposite  kind)  there  appears  no  reason  to  suppose,  that 
there  is  a  distinct  principle  to  which  it  c:ccluMvely  belongs. 
Atul  under  this  point  of  view,  this  conclusion  is  undoubt- 
ffdly  just.     At  the  same  time,  we  find,  that  many  yegeta- 
bl«  products,  poasesaed  of  deep  or  of  vivid  colours,  agre^ 
in  certain  chemical  rt-lations  i  the  colouring  matter  can  be 
■bamcted  from  them  by  the  application  of  certain  solvents; 
can  b*  still  farther  transferred  from  these  solvents  to  Other 
MilMiancei  cicriing  alTtnitics  towards  it;  and  this,  without 
it  being  always  pot^iible  to  refer  the  phenomena  to  actiajis 
tsened  to  any  known  proximate  principle.      In  general, 
chffi  cokiaring  matter  appears  most  nearly  allied  to  the  ex- 
KJCtive  principle  -,  yet  it  sometimes  possesses  propenicp 
whicb  cannot  he  referred  to  this.       Faillicr  investigaiiont 
mu^l  detcr.Tiiiie  witll  more  precision  its  vaiicties,  and  their 
Z  3 


I 'fthtions  to  the  other  vegetable  principles.  In  the  obse«- 
|2ity  which  at  present  prevails  with  regard  to  it,  it  seems 
preferable  so  far  to  generalize  the  facts  on  this  subject  as 
to  state  them  in  connection,  without  assuming  that  ihf 
principle  to  which  they  relate  is  uniform  and  distinct  from 
every  other.  These  facts,  loo,  are  of  importance  from 
their  connection  with  the  arts  of  dyeing  and  pigment-mak- 
ing, of  whicli,  as  being  strictly  chemical,  it  is  necessary  to 
txke  notice. 

Tlie  colouring  matter  of  vegetables  ia  scarcely  ever  found 
insulated,  but  is  mixed  or  combined  with  other  principles. 
In  this  Elate  it  exists  In  the  leaves,  and  flowers,  in  the  burk, 
and  In  the  wood  of  the  stem  and  roots.  It  is  extracted, 
and  obtained  more  pure  by  the  action  of  those  agent* 
which  are  capable  of  dissolving  ir. 

In  many  cases,  water,  cold  or  warm,  is  sufficient  for 
this  purpose.  If  logwood,  brazil  wood,  madder,  weld,  or 
tjuercltron  bark,  be  macerated  in  water,  the  matter  on 
which  the  colour  depends  Is  dissolved  ;  a  transparent  solu- 
tion, more  or  less  deeply  coloured,  is  obtained  ;  and,  bf 
repeating  the  maceration  with  water  suihcienily,  noihing 
at  length  remains  but  the  mere  ligneous  fibre.  i 

Sometimes,  however,  the  colouring  matter  is  not  solu- 
ble In  water.  It  Is  frequently  soluble  In  atlcohol;  >'"'  '^ 
a  few  substances,  as  in  ihe  alkanet  root,  is  best  dlssoltcd 
by  oils  essential  or  expressed.  Frequently,  too,  the  e*' 
traction  of  the  colour  Is  facilitated  by  the  action  of  oth*"' 
substances,  as  by  the  alk.iiis  or  acids  ;  and  some  even  c^** 
be  dissolved  only  by  the  aid  of  these.  These  difference' 
Eulficlently  prove,  that  this  matter  is  not  uniform,  but  tha* 
colour  is  attached  to  principles  of  a  different  nature. 
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WK^n  the  colouring  matter  is  in  solutioni  it  may  be  at^ 
tracted  from  the  solvent  by  other  substances  with  which 
it  enters  into  combination :  and  this  in  some  measure 
gives  it  a  more  appropriate  character.     There,  are  some 
substances  even  whi^h  appear  in  general  to  'exert  strong 
affinities  to  colouring  matter,  particularly  argil,  and  some 
of  the  metallic  oxides. .  If  argil  be  diffused  or  boiled  in  a 
coloured  vegetable  infusion,  it  often  happens  that  the  cop 
louring  matter  combines  with  it,  and  leaves  the  water  of 
the  infusion  perfectly  colourless.     Qr  if  alum  be  dissol- 
ved in  a  coloured  infusion,  and  it  b^  decomposed  by  the 
addition  of  an  alkali,  the  argil  in  the  moment  of  its  pre- 
<npitation  attracts  the  colouring  matter,  forms  a  coloured 
precipitate,  and  if  the  due  proportions  haye  been  obser^ 
Ted,  the  liquid  ^remains  colourless.      In  like  manner,  if  a 
coloured  infusion  be  boiled  with  a  metallic  o^ide,  it  often 
happens  that  the  colouring  matter  is  attracted  by  the  ox- 
ide. Thus«  BerthoUet  obtained  combinrationS|  by  this  pro- 
cess, of  the  colouring  matter  of  logwood,  and  other  dye- 
stufl^  with  oxide  of  copper,  and  oxide  of  tin  *•     Or  i£ 
certain  metallic  salts  be  dissolved  ia  the  ^nfusioq,  and  be 
decomposed  by  an  alkali,  ^e  oxide  in  precipitating  attracts 
the  colouring  matter.      It  is  frpm  similar  affinities  to  (he 
colouring  matter  that  it  is  often  attracted  by  linen,  cotton^^ 
silk,  or  wool,  from  its  solutions ;   and  even  where  the  af- 
finities of  these  are  not  sufficiently  powerful,  they  may  be 
rendered  capable  of  attracting  it,  or  the  combination  may 
be  rendered  more  permanent  by  their  being  impregnated 
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^  Annales  dc  Chimie,  torn.  i.  p.  ^39. 
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with  another  substance,  which  haa  towards  it  a  Mill  MrDBg- 
ir  attracnon. 

The  shade  ef  colour  of  any  subtnncet  *nd  even  fo- 
qticiitly  ifat'  tint  of  colour,  are  altered  by  chemical  agenti. 
Hie  dkalisr  nciils,  Mid  varimis  neufnl  and  meiaOic  ssltSi 
MPFt  operations  of  (his  kind.  By  some  e?en  the  coImi 
i*  much  weakened  or  altogether  disehaTged.  Light,  ft  ii 
well  known,  proves  always  injurious  to  the  permanence 
and  brightness  of  vegetable  colours ;  so  does  exposure  to 
(he  air ;  and  the  power  of  the  oxymuriatic  acid  in  dettroy 
ing  them  is  Itill  more  energetic. 


On  the  principles  now  stated,  rests  in  a  great 
(he  art  of  dyeing,  tlie  processes  of  which  are  merely  w* 
rangemcnts  founded  on  the  afiinities  of  colouring  matter, 
in  consequence  of  which  colours  are  extracted,  ntodific^i 
iransferred  to  the  clotli,  and  rendered  more  permanent. 

This  view  of  the  processes  of  dyeing,  which  reduces 
iliem  to  exertions  of  affinity  between  the  colouring  nut- 
ter and  the  substance  dyed,  was  only  gradually  establisli- 
cd.      'I'he  theory  that  was  adopted  by  the  older  cbemitts 
was  rather  mechanical.     It  was  imagined,  that  the  co* 
louring  matter  was  lodged  in  the  pores  of  the  cloth ;  anJ  » 
according  as  the  pores  were  more  or  less  numerout,  of  » 
greater  or  less  fineness,  or  subject  to  other  modificatiun** 
the  cloth,  or  the  thread  composing  it  would  be  moie  9* 
less  easily  dyed ;  and  the  action  of  substances  facilitating 
the  dyeing  was  supposed  to  depend  on  the  changes  the^ 
produced  on  this  mechanical   strucure.     This  was  th^" 
theory  of  Hellot,      It  was  sufficiently  obvious,  however^ 
that  from  any  operation  of  this  kind,  the  colouring  mat' 
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ter  could  not  be  permaneiitly  fixed  in  tbt  clotbt  to  as  to 
Withttand  the  action  of  its  usual  8ol?eotft|  and  the  do* 
ouls  of  the  an  received  only  vague  exptanacioos  ftoaa  jhia 
hypothesis. 

^  Dofay  appears  to  have  first  formed  a  proper  concept 
tion  oC  these  operations.  He  justly  observed,  that  «n« 
less  some  species  of  attraction  be  supposed  between  tbu 
,  colouriiig,  matter  and  the  substance  receiving  it,  doth  ia»*> 
metsed  in  a  dyeing  liquor  could  never  receive  a  deeper 
cokmr  than  that  of  the  liquor  itself ;  whereas  the  liquor 
has  always  the  deepness  'of  its  colour  diminished,  and^  if 
certain  proportions  are  observedi  it  becomes  limpid,  and 
die  eolouring  particles  are  entirely  transferred  from  it  to 
the  doth,  <<  which  seems  to  indicate,^'  says  he,  as  Ber* 
thoUet  has  quoted  hTs  opinion)  <<  diat  the  ingredients  have 
less  attraction  for  the  water,  than  for  the  particles  of  the 
wool.** 

Bergman  gave  this  viewy  however^  with  more  predion, 
referred  the  phenomena  of  dyeing  entirely  to  chemiod 
principlesi  and  established  diis  by  experiment.  He  had 
immersed  pieces  of  wool  and  of  silk  in  a  sglufion  of  indigo 
in  sulphuric  acid  laigely  diluted  with  water.  He  observed, 
that  the  wool  was  very  speedily  dyed,  and  that  if  the  pio* 
per  proportions  were  observed,  the  eolution  in  which  it 
was  immersed  was  nearly  or  entirely  deprived  of  coloor*' 
The^silk  was  dyed  more  weakly ;  it  only  lessened  the  co« 
lour  of  the  solution,  but  did  not  abstract  it  entirely.  These 
phenomena  he  ascribed  to  the  different  forces  of  attraction 
exerted  by  these  substances  towards  the  colouring  matter. 
In  consequence  of  such  an  attraction,  the  sulphuric  acid 
had  dissolved  the  indigo  $  the  silk  exerted,  however,  to  the 


'  particles  of  the  iadi|>o  a  still  stronger  attraction  t!un  tbe 
diluted  ;icul  did  in  which  (hey  wer«  dissolved  :  it  iherefoie 
abstracted  them  from  the  fluid.  And  the  wool  did  this 
ftill  more  r^ipidly  and  completely,  as  having  to  these  pai- 
ticles.3  still  RtTongcr  attraction  ••  ' 

.  Ths,  difft'TPiice  in  (he  forces  of  afli^iity  of  the  dilTi^rcnt 
materials  of  clothing  for  (he  rarious  iitide  of  colouring 
imttft' eniployed  in  dyering  are  so  cotisider^ble,  thai  thry 
vary,  not  only  in  the  facility  with  which  tliey  arc  «lyed, 
and  the  deepness  of  colour  they  assume  from  the  same 
dyeing  lii^uor,  but  frequently  one  will  receive  no  colour 
from  a  composition  which  will  give  another  a  deep  tinge. 
Cotton,  for  example,  receivts  scarcely  any  colour  in  a  baib 
ia  which  wool  is  dyed  scarlet.  Wool  is  that  which  ap* 
peaif  to  have  the  strongest  attraction  to  colouring  matter  i 
tutxt  to  it  is  silk,  then  linen,  while  coitoti  has  th«  wKalceu, 
and  is  therefore  in  nlmust  uviTy  case  dyed  perfectly  witb 
most  dilficuliy.  Animal  malier  appears  thereforL'  to  hue 
a  stronger  attraction  to  the  colouring  particles  than  vr^^■ 
table  substances  have;  and  this  shews  some  analogy  be- 
tween colouring  matter  and  tannin. 

But  even  when  the  substance  lo  be  dyed  hashttleorpo 
attraction  to  the  matter  ou  whidi  tlie  colour  depends,  so 
as  either  not  to  be  capable  of  abstracting  it  from  its  sol- 
vent, or  of  retaining  it  with  such  force  as  to  form  a  per- 
manent dye,  methods  have  been  discovered  of  compeDS»*' 
ing  for  this,  and  of  communicating  to  it  the  colour,  art" 
rendering  it  permanent.  This  is  done  by  impregnating  *' 
with  some  substance  which  sh:dl  serve  as  a  bond  of  unic"^ 


•  Oi>i)=cul.  vol.  V 


OF  COLOUUING  MATTER.  363 

between  them.  Such  substances  are,  in  the  language  of 
the  arty  denominated  Mordants.  Their  use  is  essential  in 
almost  all  the  processes  of  dyeing,  and  the  discoFeqr  of 
them  has  been  altogether  empiricali  or  without  any  know- 
ledge  of  the  principles  on  which  they  operate.  Macquer 
seems  first  to  have  given  clearly  the  theory  of  theii(  ac- 
tions :  where  they  have  been  usedy  he  observeSy  <*  it  is  not 
the  8tu£F  immediately  which  takes  the  coloury  but  .the 
earthy  or  metallic  part  of  the  mordants  ^  so  that  when 
stuffs  are  well  dyed  by  these  processes^  it  is  owing  to  those 
coloured  precipitates  being  capable  of  adhering  to  them 
more  or  less  forcibly."  MordantSy  therefore,  are  substan^ 
cea  which  on  the  one  hand  have  an  attraction  to  the  mat* 
ter  to  be  dyed,  and,  on  the  other,  to  the  colouring  mattery 
and  whidi  thus  serve  to  unite  them.  Without  their  use^ 
either  the  colouring  matter  would  not  be  at  all  attracted^ 
or  attracted  so  weakly  that  in  washing  the  cloth  it  would 
be  again  removed. 

The  mordants  are  numerous.  The  principal  are  alum^ 
^icetate  of  argil,  muriate  of  tin,  sulphates  of  copper  and 
2inc,  acetate  of  copper,  oxide  of  arsenic,  tannin,  and  cer-  . 
^2ui  animal  substances.  Of  those*  of  the  saline  kind,  it  b 
>o^  so  much  the  entire  salt,  as  its  earthy  or  metallic  base 
^^  serves  to  fix  the  colouring  matter ;  and  in  the  course 

^lie  process  it  is  accordingly  often,  perhaps  always,  dis- 
^s^ed  from  its  acid.  Hence  the  extensive  application  of 
^^aa  and  of  the  solutions  of  tin  as  mordants,  from  the 
^^  tiful  affinities  of  argil  and  oxide  of  tin  to  colouring 
*^ter. 

^t>niietimes  mordants  are  employed  rather  to  heighten 
^^  colour,  or  give  it  more  brilliancy,  or  conununicate  a 
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p&TticuUr  shade.  In  (his  case  the  operation  U  obriontlf 
diiTerent,  and  these  ought  to  be  dUlitiguUhed  by  »  differ- 
ent appellation.  Besides  the  substances  already  enuni(T- 
atpH,  the  sulphunc  and  nitric  acids,  and  even  the  oxymU' 
riatie  acid,  in  small  quantity,  are  employed  with  this  view. 
Alordants  are  susceptible  of  a  great  variety  of  apjilici* 
tioni,  *nth  regard  to  the  various  dyei,  and  the  dtffemil 
eloths  i  and  the  proper  management  of  them  constitutes  1 
great  part  of  the  art  of  dyeing.  They  are  used,  either  by 
prcvionily  impregntnng  the  cloth  with  them,  or  by  mii. 
Ing  them  with  the  dyeing  materials,  or  someiimce  boA 
rnethoda  are  conjoined.  There  are  also  numerous  Tarie* 
ties  in  the  composition  of  the  ilyeing  materials,  a  numbei 
(tf  Substances  being  often  miied,  in  ordor  to  procure  a  par- 
licubr  colour  or  shade.  This  evidently  admits  of  no  »- 
bridged  account  ;  and  I  must  refer,  tht  refnre,  for  any  de-  i 
tails  with  regard  to  it,  to  the  scientific  treatise  of  Bcnhol* 
let,  on  the  Art  of  Dyeing. 

The  art  of  cloth-printing  or  calico-printing,  in  other 
words,  of  dyeing  in  certain  colours'  particular  spots  of  the 
cloth,  or  figures  impressed  on  it,  while  the  ground  shall 
he  of  a  different  colour  or  entirety  white,  affords  perhaps 
the  most  direct  and  obvious  illustration  of  the  application 
of  these  priTiciplcs.  A  mordant  is  applied  to  the  part  on 
which  the  figures  are  to  be  impressed  j  it  thus  receives  a 
permanent  dye,  while  the  colour  of  the  rest  of  the  cloth  is 
easily  discharged,  thus  leaving  a  coloured  design  on  a  white 
ground. 

The  monlant  principally  used  in  this  process,  is  the  aw- 
t.iiv  of  srgil.     I[  h  prepared  by  dissolving  3  lbs.  of  alam 
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of  acente  of  lead,  in  8  Ibg.  of  w.wm  w:iur.  An 
eSchanfre  of  the  principles  of  these  salts  takes  pU«  :  the 
•oJphuric  acid  of  the  alum  combines  with  ihe  oitde  of  lead, 
and  tbc  compounil  being  insoluble,  is  precipitated ;  the  i- 
ceiic  acid  remains  united  with  the  atgil  of  the  alum  in  so- 
lution. There  are  added  2  ounces  of  the  poush  of  COftl- 
mercet  and  2  ounces  of  chalk ;  tlic  priocipal  use  oi  wtich 
appears  to  be,  to  neutralize  the  excess  of  acid  thst  migbx 
act  en  the  colmiTing  mitler  and  alter  itg  shade.  The  Su- 
pccitmty  of  this  acetate  of  argil  ai  a  inordsnt,  to  the  chesp- 
«T  snlphate  of  argil,  or  alum,  arises  from  two  circumBtati- 
ces,^from  the  affinity  between  its  principles  being  weak- 
er, in  eonse()uence  of  which  the  argil  Tnoreeas'ly  separate* 
bam  the  acid,  and  unites  with  the  cloth  and  the  cilouring 
mxatTi  and  from  the  acetic  acid  disengaged  in  tlie  pro- 
cess, not  acting  with  tlie  tame  force  on  the  cdouiing  mat- 
ter as  the  salphnric  acid  would  do.  The  acctutc  being 
aHo  very  sotuble,  and  having  little  tendency  to  cryfltalHzc, 
OB  be  niore  eqiully  mixed  and  applied.  The  ditcovery 
«f  this  iBordant,  ao  essential  in  the  an  of  oalico-printing, 
was  altogether  accidental,  or  raibcr  empirical.  The  recipee 
of  thecahco-priiuerG  were  origiiully  very  complicated: dif- 
ferent articles  were  from  tine  to  time  omitted  or  changed, 
natil  at  lengtlithe  mixture  of  alum  and  acet.ite  of  lead  ww 
found  to  answer  as  a  mordant  equjlly  with  cofnposttieiH 
more  complicntcd. 

The  mordant  thus  prepared,  i»  thickened  with  gufls  or 
Much;  or  in  this  country,  within  these  few  years,  with 
tbe  macilage  prepared  from  lichens  .scjided  and  boiled  with 
>a-4ime  potash,    it  ts  applied  by  wooden  blocks  or  stamps 
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stamp  are  designed  to  be  imprcssci!,  or  by  a  pencil,  if  toon 
de)icJlc  lines  are  to  be  tTact-d.  Tlie  cloth  is  sittiwii 
dried  tborougbty,  !s  washed  in  warm  water  to  rcmore  the 
mucitage  and  the  superSuous  mordant,  and  U  tbcn  dipt  ia 
the  dye  liquor,  suppose  it  tobeanltifiisionof  madder-,  ibe 
whole  is  dyed,  but  ihc  parts  which  have  been  impregnated 
with  the  mordant  receive  a  blighter  colour  than  the  pari 
which  has  not  :  the  colour  too  of  llic  former  is  permanent, 
while  th^t  of  the  latter  is  fugitive.  It  is  discharged  by 
subseqaent  boiling  with  substances  having  a  weak  attrac* 
tion  to  the  colouring  matter,  principally  with  bran,  and  bj 
exposure  on  the  field,  repeating  iheee  alternately.  TTie 
ground  of  the  cloth  is  at  length  rendered  white,  while  [he 
colours  of  the  parts  on  which  the  mordant  has  been  in- 
pressed,  representing  of  course  the  design  on  the  sumpi 
remain  with  little  or  no  alteration. 

Wiih  this  mordant,  madder  gives  the  various  shades  ot 
red;  with  weld  or  quercitron  bark,  the  shades  of  yellow; 
and  with  logwood,  a  rich  but  fugitive  purple.  To  diver- 
sify the  colours,  another  mordant  is  likewise  employed,— 
the  acetate  of  iron,  applied  In  precisely  the  same  manner. 
With  madder  or  logwood  it  gives  black,  and  by  dilution, 
different  shades  of  purple  ;  with  weld,  olive,  and  with 
quercitron  bavk,  brown.  Mixtures  of  these  are  also  made, 
which  give  other  colours.  Haussman  has  also  lecom- 
mcnded  as  a  mordiiit,  acetitc  of  tin. 

Sometimes  after  the  whole  cloth  has  been  permanently 
dyed,  by  having  been  impregnated  with  the  mordant,  the 
colour  is  discharged  from  certain  parts,  by  stamping  these 
■  with  a  weak  acid  liquor  :  after  being  washed,  these  are 
again  stamped,  either  with  the  same  or  with  a  diaeren: 
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mordant,  and  dyed^with  dlfTerent  materials ;  and'  tfaai^  the 
most  difficult  kind  of  cloth  printing  is  effected,  where  the 
ground  is  coloured,  and  at  the  same  time  impressed  :wttk 
a  design  in  different  colours.  By  combining  these  methods 
too,  and  by  dextrously  applying  to  different  parts  of  the 
cloth  different  mordants,  by  stamps  adapted  to  each  other, 
so  as  to  form  a  regular  design,  different  colours  are  tm^ 
pressed  cither  in  a  white  or  coloured  ground. 

The  formation  of  the  vegetable  pigments,  or  what  sre 
named  Lakes,  depends  on  the  same  principles,  and  affords 
a  Tery  perfect  exemplification  of  the  affinities  of  colouring 
matter.  •  The  colour  of  any  vegetable  matter  is  extracted 
by  its  proper  solvent,  generally  by  water;  and  there- is  add- 
ed to  the  solution,  same  substance  capable  of  attracting 
and  combining  with  the  colouring  matter,  so  as  to  form  a 
precipitate.  Thus,  if  alum  be  dissolved  in  an  infusion  of 
brazil  wood,  and  an  alkaline  solution  be  added,  the  argil- 
laceous earth  is  precipitated,  and  carries  down  with  it  the 
colouring .  matter,  forming  therefore  a  lake.  -Similar 
la|^  are  formed  from  other  coloured  vegetables,  as  from 
quercitron,  turmeric,  &c.  An(f  the  most  beautiful  of  thenr, 
carmine,  is  prepared  by  a  similar  process  from  cochineal, 
a  colouring  substance  of  animal  origin.  It  is  not. always 
necessary  even,  that  the  colouring  matter  should  be  in  a 
state  of  solution.  It  is  sufficient  if  it  be  suspended  in  wai- 
ter* Sir  H.  Englefield  has  shewn,  that  if  the  colouring 
matter  of  madder  be  in  this  state  of  suspension  in  boiling 
water  in  which  alum  is  dissolved,  on  adding  carbonate  of 
potassa  the  argil  is  precipitated,  and  attracts  the  colouring 


'  -Bitlter,  forming  2  very  rich  like  *.  Sometimes  mcbllk 
loides  are  employed  as  the  basis  of  such  pigmeaci,  pant- 
CUbrly  oxide  of  tin-,  murktc  of  tin  being  added  la  tht 
coloured  infusion,  aitd  being  decomposed  by  an  alkali: 
siul  Guyton  has  recommended  oxide  of  tungsten,  at  of- 

Iibrdiiig  a  basis  for  lakes  superior  to  any  other,  in  tbc 
^l^htaeEs  and  permanence  of  the  colour  f. 
I 
r 


The  vegetable  substances  used  in  dyeing  are  exireisel)' 
iniMious.     The  coiouriDg  matter  of  the  greaici  oumbei 
them,  sudi  as  all  ihe  woods  and  barks,  logwood,  brazil 
^|POod,  weld,  quercitron,  &c.  appears  to  approach  in  tncfaa- 
tBCters  to  extract,  and  admits  therefore  of  few  observationt 
their  chemical  htctory  farther  than  what  bare  beeo 
already  stated.  Logwood,  the  wood  of  the  Haunatoxylsm 
CBinpechtsnum  is  of  a  bri^iu  red  cotoar,  and  affbnk  Kp 
Water  rery  easily  irs  colouring  matter  ;  its  infusion  havinfi 
with  the  red,  a  purple  tinge;  it  h  used  principally  for 
fiTiiig  purple  dyes,  its  colour  being  modified  by  the  dif- 
ferent mordants  ;  and  it  also  enters  into  the  compo«l)» 
ef  the  black  dyes.     Brazil  wood,  the  wood  of  ibe  Cxnl- 
pina  crispa,  gives  to  water  a  bright  red  colour,  and  the  C<h 
louring  matter  is  easily  attracted  by  argil  and  the  metallic 
oxides,  the  latter  frequently  modifying  the  colour.    The 
ilkalls  gire  10  it  a  violet  tint,  and  the  acids  precipitate  it 
of  a  fawn  red  cobur.  Il  is  much  u5ed  both  in  djreingiad 
in  tbc  formation  of  likes.    Madder,  t!ie  root  of  the  Rul*" 
lincivtuni,  is  aaothtr  red  dye,  the  colouiiog  matiec  (" 

■  NichoboQ'a  Journal,  vol.  x.  p.  315. 
f  Antitle*  Jc  Chiiuif,  t>j:i.'.  m,  p.  ISj 
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which  is  eztractedi  though  rather  partially,  by  water,  and 
of  different  shades^  in  repeated  macerations,  so  that  at 
length  it  giver  only  a  fawn  colour  ;   and  even  after  these 
succe;;3sive  infusions,  it  still  retains  much  of  the  colouring 
matter,  which  may  be  extracted  by  the  action  of  an  alkali* 
Aluni  forms  in  its  infusions  a  brownish  red  precipitate ; 
and  the  remaining  liquor,  when  an  alkaline  carbonate  is 
added  to  it,  gives  a  blood-red  precipitate,  which  by  an  ex- 
cess of  alkali  is  redissolved.    It  is  much  used  both  in  dye- 
ing and  calico-printing,  giving  numerous  shades  of  red, 
^cording  as  it  is  combined  with  different  mordants.  Quer-> 
cioron  is  the  internal  bark  of  the  Quercus  nigra :  it  yields 
its  Golottr)  fvrbich  is  yellow,  by  infusion  to  water,  and  with 
the  common  mordants  gives  a  permanent  dye.'  It  is  now 
much  used  as  ar  substitute  for  Weld,  the  stalks  of  the 
Reseda  luteola,  which  were  formerly  used  to  furnish  a 
yellow  dye,  being  combined  with  alum  and  tartar  as  mor- 
dants, ind  which  also  was  sometimes  combined  with  mad- 
der, to  obtain  orange  and  other  shades.  Fustic,  the  wood 
of  the  Morus  ttictoria,  affords  another  yellow  dye :  its  de- 
coction in  water  is  of  a  reddish  yellow  colour,  and  it  gives 
^  X^Uow  dye  to  cloth,  which,  even  without  tlic  aid  of  mor- 
^sits,  is  permanent  ^  by  the  use,  however,  of  alum,  tar- 
^>*9  and  muriate  of  tin,  the  colour  is  rendered  brighter. 
Suiciiach,  the  shoots  of  the  Rhus  coriaria^  is  used  for  gi- 
^'^S  ^  fawn  colour,  which  it  does  alone  when  merely 
wl«l  in  water.    With  acetate  of  argil,  it  gives  a  yellow; 
^d  as  it  contains  a  portion  of  tannin,  it  enters  sometimes 
^to  the  composition  of  the  black  dyes,  and  is  likewise 
*ted  as  a  mordant,  to  modify  other  colours,  or  render 
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All  ibese  substances  agree  nearly  in  their  chemical  qujh- 
lilies  I  and  their  colouring  matter,  whicli  exists  in  ihem 
atcached  to  the  ligneous  fibre,  and  more  or  less  mixed  with 
other  principles,  appears  to  be  very  similar  in  ita  nature 
to  extract.  But  besides  these,  there  are  some  other  sub- 
stances, the  colouring  matter  of  which  exhibits  very  dif- 
ferent properties,  and  can  scarcely  be  reduced  to  any 
known  principle. 

The  most  important  and  singular  of  tliese  is  Indigo,  the 
produce  of  different  species  of  the  genus  Indigoferaj  which 
are  cultivated  for  its  production  in  America  and  the  West 
Indies.  It  13  in  some  measure  an  artificial  preparation. 
The  plant  being  cut,  when  ripe,  is  put  into  large  troughs 
or  vats,  with  a  quantity  of  water,  and  pressed  down.  Ii 
undergoes  a  species  of  fermentation,  and  a  quantity  of 
aerial  fluid  is  disen^nged,  partly  intlammable,  and  said  to 
be  a  mixture  of  carburetted  hydrogen  and  carbonic  acid. 
The  water  becomes  turbid,  from  the  formation  or  extrac- 
tion of  the  colouring  matter  ;  and  when  the  fermentative 
process  has  been  sufliciently  advanced,  it  is  drawn  off"  into 
another  vat,  where  it  is  kept  constantly  agitated,  to  pro- 
mote the  separation  of  the  colouring  particles,  and  the 
disengagement,  as  is  supposed,  of  a  quantity  of  carbonii- 
acid.  Towards  the  end  of  this  stage  of  the  operation,  a 
portion  of  lime  water  is  nddcd,  which  still  farther  favours 
the  separation  of  the  colouring  matter.  It  begins,  there- 
fore, now  to  subside.  The  liquor  is  withdrawn  into  an- 
other vessel,  in  which  the  deposition  is  allowed  to  go  on  : 
the  clear  liquor  above,  which  is  of  a  yellow  colour,  it. 
drawn  off;  the  semi-fluid  sediment  at  the  bottom  Is  ro- 
ccivcd  into  tiiien  b;*gs,  through  which  ihr  remaining  fluid 
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Strains  :  the  indigo  remains  in  t{ie  state  of  a  pastCi  which 
is  dried  by  exposure  to  the  air,  excluding  the  solar  rays; 
It  differs  considerably  in  its  qualities,  according  to  the  spe«- 
cies  of  the  plant,  its  state  with  reward  to  maturity,  and 
the  care  and  skill  with  which  the  operation  has  been  con- 
dvcted.  Hie  rationale  of  the  process  by  which  it  is  prepared 
is  not  well  undetsttood*  The  plant,  by  expression  or  infu- 
noD,  affords  only  a  greesi  colouring  matter  prerious  to  the 
fermentation ;  apd  we  have  no  precise  facts  from  which  it 
can  he  determined  how  this  fermaatation  Is  fio  easily  excit- 
tdf  whaf  are  the-dianges  it  occasions,  ^nd  how  these  arc^ 
eomiected  with  die  production  .of  ^  colouring  matter. 
'  Iiid%o  is  of  a  Tery  rich  blue  colour,  raiying  however 
in  its  shade  in  different  specimens,  it  is  light  and  friable^ 
has  a -smooth  firacture,  is  tasteless,  and  has  scarcely  any 
perpeptible  smell. 

From  Bergman's  experiments  it  would  appear  to  be  a 
heterogeneous  substance,  since  besides  its  pure  colouring 
matter  he  found  it  to  contain  gum,  resin,  and  earthy  mat- 
tor,  and  oxide  of  iron.  The  proportions  in  100  parts  were^ 
•12  of  gum,  6  of  resin,  S2  of  earthy  matter  soluble  in  ace- 
tous acid,  13  of  oxide  of  iron  soluble  in  muriatic  acid,  and 
^  of  pure  colouring  matter.  It  is  not  easy  to  determine 
'how  far  any  of  these  is  essential  to  it,  or  at  least  uniform- 
ly present,  or  how  far  they  may  be  regarded*  as  adventi^ 
tious.  Bergman  was  disposed  to  consider  the  iron  as  es-^ 
sential  to  it,  and  as  contributing  to  the  colour)  but  as 
iBerihollet  has  remarked,  the  method  he  tlised  to  discover 
it'«led  him  to  exaggerate  its  quantity  :  and  the  greater  part 
of  what  he  did  abstract  by  the  action  of  muriatic  acid  was 
wmoved  without  affecting  the  pure  colouring  matter. 
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Indigo  yields  to  water  its  mucilaginous  part :  the  cotuot' 
ing  matter  is  not  ai  all  dissolved.  By  the  action  of  water, 
the  inferior  kinds  of  indigo,  according  to  Quatromen, 
are  improved  in  their  quality,  probably  by  the  abstraction 
of  the  mucilaginous  and  extractive  matter.  The  colottring 
natter  of  indigo  is  equally  insoluble  in  alkohol,  or  in  e- 
ther,  a  small  portion  of  resin  only  being  dissolved. 

The  action  of  acids  on  indigo  is  more  energetic  and  im- 
portant. Concentrated  sulphuric  acid  dissolves  it  evtn  in 
the  cold:  the  soluiiou  appears  black,  from  the  decpne» 
uf  its  colour,  and  even  when  hrgely  diluted  with  water 
retains  a  deep  biue  colour.  It  is  this  solution  diluted  witli 
water  that  is  known  by  the  name  of  Liquid  Blue,  aiui  th^t 
forms  aUo  the  Saxon  biue  dye.  The  colour  is  changed 
to  a  green,  as  Bergman  found,  by  the  action  of  a  number 
of  substances  upon  il  ;  as  by  sulphurous  acid,  vinegar, 
ammonia,  alkaline  sulphurets,  sulphate  of  iron ;  and  by 
some  of  these  the  colour  was  entirely  destroyed.  As  all 
these  might  operate  by  abstracting  oxygen,  and  as  some 
of  them  are  even  powerful  in  de-o\idizing  it,  it  appeared 
probable  that  it  is  to  this  operation  that  the  change  of  co- 
lour from  the  blue  to  the  green  is  owing  ;  yet  there  are 
other  facts  not  easily  reconciled  with  this,  the  blue  being 
changed  to  a  green,  or  beirtg  even  entirely  destroyed,  bj 
other  substances  which  can  scarcely  be  supposed  to  eiert 
any  such  agency,  as  by  soda  and  potas^a,  and  black  oxide 

The  alkaline  carbonates  throw  down  from  the  solution 
of  indigo,  in  sulphuric  acid,  a  blue  powder,  whith  Berg- 
man named  Precipiialcd  Indigo. 

Nittic  scul  acts  on  iiuligo,  not  merely  as  a  soItc:iI,  but 
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decomposes  it.  The  actioni  when  the  acid  is  concentrat- 
ed, is  even  'so  violent  as  to  inflame  it ;  and  when  diluted,, 
k  still  acts  on  it  forcibly,  and  with  effervescejice ;  the  in- 
digo becomes  brown,  and  the  residuum  amounts  only  to 
the  third  of  ttie  original  weight.  Haussman,  in  his  expe- 
ments  on  indigo  *,  discovered,  that  by  the  action  of  dilu- 
ted nitric  acid  on  indigo,  a  substance  is  formed,  which  re- 
mains in  the  state  of  a  coagulum,  which,  freed  complete- 
ly from  nitric  acid  by  washings  formed  a  brown-coloured 
viscous  mass,  of  a  very  strong  bitter  taste,  requiring  a  large 
quantity  of  water  for  its  solution,  and  more  soluble  in  al- 
kohol.  This  is  the  substance  which  has  received  the  name 
of  Bitter  Principle,  and  whiqh,  as  a  product  likewise  of  the 
action  of  nitric  acid  on  diflFerent  varieties  of  animal  mat- 
ter, is  afterwards  to  be  noticed.  A  little  oxalic  acid  is  aU 
so  formed;  and  from  Mr  Hatchet's  experiments  it  ap^ 
pears,  that  one  of  the  varieties  of  artificial  tannin  is  pro- 
duced, the  solution  in  water  of  the  residual  matter  beco- 
ming turbid  from  the  action  of  gelatin. 

Muriatic  acid  does  not  act  on  the  colouring  matter  of 
indigo,  but  dissolves  merely  the  oxide  of  iron,  and  the 
earthy  matter  it  contains.  It  dissolves,  however,  a  portion 
of  what  Bergman  calls  Precipitated  Indigo,  and  acquires 
a  deep  blue  colour.  A  number  of  the  other  acids,  as  the 
phosphoric,  acetic,  and  tartaric,  act  on  it  in  the  same  man- 
ner as  the  muriatic.  Oxymuriatic  acid  destroys  its  blue 
colour,  when  the  indigo  is  in  a  state  of  solution. 

The  fixed  alkalis,  dissolved  in  water,  dissolve  only  some 
M  the  substances  contained  in  indigo,  but  not  its  colour. 


♦  Journal  ds  Physique,  torn,  xxxii.  p.  161 
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ing  mafler.  'the  precipitate  from  the  solution  of  Jndlg^ 
in  sulphuric  acid,  obtained  in  ihe  manner  already  describ- 
*<1,  is  dissolved  by  them  ensUy  even  in  the  cold  ;  the  blue 
colour  at  llie  same  time  gradually  changes  to  a  green,  and 
is  at  length  destroyed.  With  the  alkaline  carbonates  the 
same  solution  is  elT.'fted,  but  the  colour  is  not  altered, 
The  action  of  ammonia  and  of  lime  on  Indigo,  in  its  dtflcr- 
cnt  States,  is  the  same  with  that  of  the  pure  fixed  alkalin. 

Indigo,  M'hen  exposed  to  heal,  swells,  emits  vapoun, 
ind  burns  slowly,  emitting  a  white  flame.  The  residuum, 
tii'hicb  amounts  to  33  parts  from  100,  consists  of  eanhy 
Blatter  and  oxide  of  iron.  From  thi^  preceding  analysis  it 
appears,  that  of  the  67  parts  consumed,  47  have  beeo  pure 
colouring  matter.  This,  subjected  to  destructive  dislilU- 
lion,  is  decomposed  :  the  products  from  these  i7  parts, 
fi-erc  found  by  Bergman  to  consist  of  carbonic  acid  2  parts, 
allciilin"  Irijuor  (compostd  of  carbonate  of  ammonia  dissol- 
Tcd  in  water)  8  parts,  cmpyreumatic  oil  9  parts,  and  23  of 
charcoal,  wliicli,  burnt  in  the  open  air,  left  i  parts,  about 
half  of  which  was  oxide  of  iron,  and  the  other  half  appear- 
ed to  be  siliceous  earth.  Trcm  this  analysis  It  may  be  in- 
ferred, that  the  pure  colouring  matter  of  indigo  cons::its 
of  hydrogen,  oxygen,  nitrogen,  anJ  earban,  the  proportion 
of  carbon  being  unusually  large,  and  such,  indeed,  ai 
scarcely  apptars  to  be  contained  in  any  other  vegetable 
principle.  This  predominance  of  cnrbcn  in  its  composi- 
tion appears,  too,  from  the  facility  with  which  it  yields  if- 
tlUcial  tannin,  when  acted  on  by  niitlc  acid. 

The  chemic.il  proptTties  of  this  substance  are  peculiar, 
and  are  cvide;  :Iy  such  as  prevent  it  fiom  beinf^  considered 
its  a  v.iriety  of  any  other  known  principle.      The  appI.tJ- 
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tian  uf  it  to  the  art  of  dyeing  presents  some  singular  phe- 
itom«nat  for  although  it  is  Dot  soluble  either  in  alkaline 
kolutioDS  or  in  lime,  yet,  by  the  itiiervention  of  other  sub- 
»tanc«t,  thit  solution  is  cfTected,  so  as  to  form  a  dye  liquor. 
BetgrDao  examined  two  of  the  processes  of  ihe  dyers, 
by  which  indigo  is  disitalvcd.  One  consists  in  mixing  in- 
digo with  an  equal  weight  of  sulphate  of  iron,  and  twice 
its  weight  of  lime,  and  boiling  tliem  in  water  :  the  indigo 
Mon  dissolves.  In  the  other,  a  solution  of  pure  fixed  al- 
ksli  is  I'dlten,  and  to  this  indigo  and  orpiment  or  sulphuret 
uf  arsenic  are  added  i  the  indtgoissoon  dissolved,  and  the 
bath  becomes  green.  Bergman  supposed,  thnc  the  sulphate 
of  iron  in  the  one  process,  the  sulphuret  of  arsenic  in  tlie 
oiboT,  operated  by  communicailng  phlogiston  to  the  indi- 
go, or,  to  adipt  the  explanation  lo  the  change  of  cheini> 
cal  theory,  by  abstracting  from  it  oxygen  -,  and  this  ap- 
pars  to  be  confirmed  by  the  facts  which  he  ascertained, 
rbat  if  the  sulphate  of  iron  has  been  previously  boiled  some 
hoor>  in  water,  in  which  case  we  know  it  becomes  more 
oiidizcd,  it  does  not  promote  the  solution  of  the  indigo, 
and  that  oxide  of  arsenic  is  also  equally  unht  for  this  pur- 
pose. Haussman  has  in  some  measure  strengthened  this 
theory,  by  proving,  liiat  a  solution  of  sulphuret  of  arsenic 
nixed  w-th  indigo  absorbs  oxygen  ;  and  in  this  case,  tlie 
btd^o  is  reproduced  with  its  blue  colour,  and  precipitated. 
This  has  also  been  confirmed  by  Berthollct,  who  lias  far- 
ibet  obsenfed,  what  is  siticily  conformable  to  the  theory, 
that  when  cloth  is  dyed  in  the  iidigo  liquors  prepared  by 
M  processes,  it  is  uf  a  green  colour,  but  becomes  blue 
^.  cipoiure  to  I  ho  air  I  and  he  fuunJ,  that  a  piece  ct 
cloth,  coming  out  of  llic  vjt  of  a  ^roen  colour,  became 
A.i1 
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blue  by  dipping  it  quickly  in  oxymuriaric  acid.  He'CI 
cluiiee,  from  these  facts,  that  indigo,  in  Its  natural  state, 
contains  oxygen,  which  m^y  be  abstracted  from  it,  when 
it  becomct  green  \  that,  in  this  state,  it  is  soluble  io  t«b- 
tions  of  the  alkalis,  and  of  lime  }  that  it  is  agaia  Capable 
of  attnctiiig  oxygen,  when  it  acquires  the  blue  colour,  aoii 
pTecLp>t3ica  i  and  that,  on  these  principles,  may  be  esphin- 
ed  the  usual  processes  by  which  this  substance  is  applied 
to  dyeing.  When  dissolved  by  si^lphurlc  acid,  it  ii  evi- 
dently in  a  different  state,  not  being  deprived  of  oxygen, 
but  retaining  irs  blue  colour,  which  tliereforc  the  cloth  ai 
oDce  acquires  ;  yet,  even  in  this  solution^  the  indigo,  as 
Betthollet  remarks,  appears  to  have  suffered  a  slight  de- 
oxidizemeni,  and  to  this  he  ascribes  the  solubility  in  alka- 
iig  of  the  precipitate  thrown  down  from  this  sulutioD- 

WoAD  is  a  substance  produced  by  a  process  similar  to 
that  followed  in  extracting  indigo,  jnd  bears  some  resem- 
blance to  it.  It  is  extracted  from  the  Isatis  tinctoria  and 
Isatis  I.usltanica.  The  plant  is  cut  down,  washed,  and 
dried  in  the  sun  :  it  is  ground  in  a  mill,  and  reduced  to  i 
pa&te.  Of  this  heaps  are  formed,  which  arc  covered  so  a 
to  securu  them  from  rain.  This  pasti.-,  after  Iiax-ing  re- 
mained a  fortnight,  is  turned,  and  its  dilTereiit  pans  mix- 
ed :  it  is  then  made  into  round  balls,  which  ore  deprived 
of  their  moisture  by  exposure  to  the  air  and  sun.  These 
balls,  heaped  on  one  another,  gradually  become  hot,  and 
exhale  an  ammoniacal  odour  ;  ihe  heat  is  increased  by  wa- 
tering the  heap  slightly  utitit  tiie  balls  are  reduced  tea 
coarse  powder.  In  this  stite  ucad  is  used  ;  il^ives  a  biue 
colour,  which  is  permanent,  but  has  not  the  beauty  of  that 
from  indigo.     If  this  plant,  however,  be  subjected  to  the 
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same  process  as  that  followed  in  preparing  indigo,  it  af- 
fords a  bine  colouring  matter  precisely  the  same  * ;  and 
there  can  be  little  doubt,  therefore,  that  the  colouring  mat- 
ter of  woad  16  indigo  more  or  less  perfectly  prepared. 

Amnota  is  prepared  from  the  seeds  of  the  Bixa  0|rel«- 
lana,  by  bruising  them,  and  keeping  them  in  water  until 
they  ferment.  A  colouring  matter  is  formed,  of  an  orange 
colour,  which  is  dried,  and  forms  a  paste  more  or  less 
hard*  It  is  not  perfectly  soluble  in  water,  but  forms,  by 
infusion  or  decoction,  a  liquor  of  a  yellowish  red  colour, 
and  turbid  :  the  addition  of  an  alkali  renders  it  more  so* 
lublc,  and  gives  it  a  bright  orange  yellow  colour.  Adds . 
form  with  this  liquor  an  orange-eoloured  precipitate ;  and 
a  solution  of  alum  forms  an  orange  precipitate  still  deeper 
in  the  colour.  Annota  is  more  soluble  in  alkohol  than  in 
^vater  ;  and  hence,  besides  its  use  in  dyeing,  it  sometimes 
enters  into  the  composition  of  coloured  Tarnishes*  In  dye- 
ing it  is  always  mixed  with  an  alkali. 

From  diflFerent  species  of  lichen,  b  prepared  the  colour- 
ing matter  known  under  the  names  of  Archil  and  Litmus, 
so  useful  to  chemists,  as  the  most  delicate  test  of  acidity. 
There  is  some  degree  of  obscurity  with  regard  to  these. 
Archil  is  said  to  be  obtained  from  the  Lichen  rocella,  and 
Xiicben  parellus ;  but  it  appears  that  other  species  afford 
a  similar  substance.  The  plant  is  reduced  to  powder ;  a 
quantity  of  the  potash  or  soda  of  commerce  is  added  to  it  ^ 
and  it  is  moistened  with  urine  and  kept  moist  by  successive 
additions,  for  some  time  :  it  ferments,  and  gradually  ac- 


*  BcrthoUet  oo  Dyeing,  fol.  ii.  p.  72. 
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<■;,'•!,  ih"  o-i-  'IT  Df  v-^etiblefl  resides.  The  essemiil  oils 
•  ^  fiTi-t*  :;fn"r-ll^  fK«*e<i*  their  flaTOor;  bni  it  was  ob- 
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ni  the  pUnt  (ntrrety  ^^pend  on  it.  This  is  the  esse  with 
the  «ioict,  jcisamittf,  and  mtmy  other  odoriferous  flowers. 
li  WM  Unitet  observed,  that  if  such  TCgciablcs  be  placed 
in  water,  .-{nri  rxposed  to  a  gentle  heat,  not  sulEdem  to 
vnUiilisc  their  eMcriiial  oil,  they  are  deprived  of  their 
smell,  which  is  in  Mine  mcasarc  transferred  lo  the  water^ 
wh«n  th«  cpeiatioti  i&  poTformcd  in  close  vesseU.  The 
CMcntial  oils,  too,  il  was  remarked,  always  lose  much  of 
their  odour  from  exposure  to  the  air,  though  little  of  the 
oil  iisHf  is  dissipated.  And,  lastly,  it  has  sometitncs  hap- 
p«Md|  that  ihe  atmosphere  around  odoriferous  plants  has 
not  only  had  iheir  odour  difTused  through  it,  but  received 
sach  an  impregnation  of  some  inOamm^ble  elastic  lluid,  as 
to  have  kindled  on  the  approach  of  an  ignited  body.  From 
ftudi  facts  it  was  inferred,  by  some  of  the  older  chemist*, 
that  there  exists  in  vegetables  a  subtle  principle  in  which 
their  odour  resides ;  ihiit  this  is  capable  of  being  combined 
with  their  other  principie^i  and  in  paiticuUr  with  their es- 
senttal  oils,  to  which  it  communicates  the  odour  of  the 
pl»tt.  By  Hoethaave  this  principle  was  named  the  Spt- 
ritui  Rector  of  vegetables  ;  and  in  framing  the  modem  no- 
menclature, it  received  the  denomination  of  Aroma, 

The  observations  of  Fourcroy  on  this  subject '  are  per- 
fectly Just.  The  faculty  of  exciting  the  sensation  of  odour, 
is  a  quality  which  m:iy  belong  to  any  kind  of  matter,  and 
-which  docs  belong  to  nnny  substances,  as  ammonia,  sul- 
pbtir  and  its  combinations,  the  metals,  and  many  chemical 
cofDpoands,  in  which  we  cannot  suppose  the  existence  of 
any  common  subtle  principle  on  which  it  depends.     And 
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there  is  no  reason  lo  suppose  but  what  it  may  exist  in  «-  ' 
getable  products,  without  being  attached  to  such  a  princi- 
ple in  them.  If  its  existence  were  supposed,  numerous 
species  of  it  must  be  admiited  -,  for  the  odour  it  comicti- 
jiicates  is  its  only  character isric  property,  and  this  odoui  ii 
different  in  ercry  plant :  and  all  the  facts  from  which  the 
existence  of  it  has  been  inferred,  admit  of  explanation,  on 
the  supposition  that  the  odour  resides  in  the  essential  tii, 
firhich  is  sufhciently  volatile  to  be  dissipated  at  a  very  m^ 
derate  temperature,  which  may  be  diffused  in  atmospheric 
air,  or  dissolved  by  it,  and  which,  suffering  cbemicil 
changes  from  long  exposure  to  the  atmosphere,  is  thusde- 
prived  of  much  of  its  smell.  At  the  same  time*  the  odour 
may  sometimes  reside  in  other  proximate  principles }  vai  i 
indeed  the  greater  number  of  these  may  be  disiinguiihed  I 
by  a  snjell  in  general  faint,  but  sufliciently  perceptiblC' 


Acrid  PRincu'Le.     The  existence  of  such  a  principb; 
has  been  inferred  from  a  few  facts  with  regard  to  certain 
acrid  plants.     It  has  been  found,  that  several  vegetables 
which  are  nearly  inodorous,  are  in  their  recent  state  h- 
tremeiy  acrid  to  the  taste,  and  disphy  this  acrimony  in  ^^ 
irritation  and  inflammation  which  they  occasion  when  »p- 
plied  to  the  skin.     Such  are  the  roots  of  the  Scllla  mat*- 
tima,  of  the  Colchicum  autumnale,  Bryonia  alba,  and  Ariin^ 
macul.itum,  and  the  leaves  of  tiie  Anemone  nemoiosi,  a'*^*- 
of  the  Clematis  erecta.  Yet  they  lose  this  peculiar  aaJmt>'«^'^ 
on  being  dried,  while  tlieir  other  active  powers  freque'  *^'' 
!y  r-main.     From  tins  circumstance,  and  from  thHr  vr   '^^' 
of  (i-'.^-ur,  it  is  concljilc,!  'hat  ilie  ;icrinionv  ciinnoi  bo  ?-  ~*-^ 
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posed  to  depend  on  an  essential  oil.  From  some  of  these 
plants  too,  this  principle  is  communicated  to  water  or  al^ 
kohc^  by  distillation  from  them,  though  no  other  property 
but  the  acrimony  is  thus  conveyed.  There  appears  some 
reason,  from  these  facts,  to  admit  the  conclusion  that  has 
been  drawn  from  them  *,  that  there  exists  a  peculiar  vo- 
latile principle  in  these  plants  different  froifn  an  essential 
oil,  in  which  their  acrimony  resides.  If  its  existence  shall 
be  considered  as  probable,  however,  it  has  never  been  ob* 
tsuned  in  such  a  State  as  to  be  submitted  to  chemical  ex- 
amination, and  all  that  relates  to  it  is  therefore  uncertain 
and  obscure. 


Narcotic  principle.  The  existence  of  such  a  princi- 
ple has  been  inferred  from  facts  somewhat  similar  to  those 
on  which  that  of  an  acrid  principle  has  been  supposed  to 
be  established.  It  has  been  found,  that  many  narcotic 
plants  suffer  a  diminution  in  their  power  from  age,  and 
that  they  are  also  rendered  inert  by  decoction  in  water, 
though  when  the  operation  is  performed  so  as  to  condense 
the  water  volatilized,  it  is  not  found  to  be  impregnated 
with  any  essential  oil ;  nor  are  essential  oils  usually  pos- 
sessed of  such  active  powers.  In  some  cases,  the  distilled 
water,  as  for  example  that  from  the  leaves  of  the  cherry 
laurel,  (Prttnus  lauro-cerasus,)  has  a  narcotic  power ;  in 
other  cases  it  has  none. 

These  facts  are  inconclusive.     The  injury  which  some 


•  Gren,  Principles  of  Chemistry,  vol.  i.  p.  20.  Hernr.b?tacdt. 
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•f  tbeat  plants  sustain  from  decoction,  vrJiUc,  at  (he  SIIM 
x'ane,  their  powers  are  not  communicated  ro  tfce  wuct  Hs^ 
tilled  from  them,  is  probably  to  be  ascribed  not  to  tlie'db- 
ti]MtiDn  of  a  subtle  volAtile  principle,  but  rather  to  chsngn 
wJadi  its  principles  suffer,  aiid  probably  principallr  to  the 
wygeijizement  of  itB  extraaivp  matter.  And  w her?  the 
narcotic  power  is  communicaied  to  water  by  disttltation, 
tone  singular  facts  lately  discovered  appear  to  prove,  that 
it  d^ends  on  the  presence  of  a  well-known  substaiKCf  4bc 
IVuiieic  acid.  Thii  acid  has  been  diacovered,  a%  alteady 
Rcnitrked,  in  the  cherir  laurol,  ilie  bitter  altnood,  atid  o- 
ther  plants  possessed  of  a  narcotic  power.  It  baa  alto  been 
found,  that  the  prussic  acid,  in  its  pure  st.»te,  13  narcotic  i 
and  there  is  therefore  every  probability  in  the  conclosion, 
that  that  quality  in  these  vegeiitbles 'depends  on  )t8l>n9ence. 
But  from  this  there  Is  no  reason  f.inher  to  infer  that  i;  is 
the  narcotic  principle  1  fur  iherc  is  no  reason  t-o  presume 
that  it  exists  in  other  narcotics,  and  it  is  itself  inferior  itt 
narcotic  power  to  some  vegetable  products. 

The  existence  of  a  narcotic  principle  altogether  diffor- 
ent  from  this  has  been  inferred  from  a  very  di!fcrent  serioi 
of  facts.  Derosne,  in  analyzing  opium,  our  ptincipai  nar- 
cotic, discovered  a  principle  apparently  diiFerent  from  any 
hitherto  observed.  It  was  obtained  by  digesting  water  on 
opium  :  the  w:iter  dissolves  it,  along  with  some  other  prin. 
ciples,  and  when  the  solution  is  evaporated,  a  precipitate 
fr.lls  down,  which  cnniists  of  this  ptincij-le,  with  lesin  and 
extract.  By  digesting  alkohol  on  the  precipitate,  the  resin 
and  this  peculiar  principle  are  dissolved  ■,  and  as  the  so- 
lution coots,  the  latter  is  precipitated  in  crystalline  gr^iin,-. 
These  may  be  purified  by  repealed  solution  and  ctysuUi- 
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la^on  :  they  then  assume  the  prismatic  form ;  are  vhite, 
free  iiom  t»ste  or  smell,  very  sparingly  soluble  even  in  hoc 
water,  and  insoluble  in  cold  W4t«r,  more  soluble  in  nlko- 
boli  and  precipitated  from  this  solution  by  the  addition  of 
water  •.  It  proves  narcotici  and,  according  to  UiroSne, 
it  more  powerfully  eo  than  opium.  It  is  also  soluble  in 
vilier,  and  in  all  the  acids,  as  well  as  in  the  aIk:i]Li;  the 
solutions  of  it  in  the  acids  being  precipitated  by  the  allu- 
tte,  and  those  in  the  alkalis  by  the  acids.  It  is  decompo- 
sed by  niiiic  acid,  and  oxulic  acid  is  formed.  Exposed  to 
heat,  it  metts,  and  if  urged  with  a  strong  heat,  is  decom- 
poaed)  )nd  aSbrds  the  usual  prod  ucts  of  vegetable  matter, 
with  ammonia. 

These  enperinients  present  results  so  singular,  and  ac- 
cording so  little  with  the  previous  numerous  researches  on 
the  analysis  of  opium,  thai  they  undoubtedly  re<)ui re  to  be 
conGrmed  by  other  authorities  i  and  even  in  their  present 
state,  they  are  far  ftom  warranting  the  conclusion,  that  this 
substance  can  be  regarded  as  the  narcotic  principle.  There 
is  no  proof  that  it  is  contained  in  any  other  narcotic  s  and 
we  have  even  proof,  that  the  narcotic  power  of  some  ve- 
getables depends  on  a  very  difiFercnt  principle, — the  pros- 
aic acid.  There  is  even  a  strong  objection  to  the  conclu- 
aton,  that  il  is  the  principle  in  which  the  narcotic  power 
of  opium  resides  ;  for  it  does  not  appear  to  be  possosn^rd 
of  that  power  in  the  high  degree  which  we  should  expect 
wcrf  that  conclusion  just.  One  grain  of  opium  produces 
sll  the  effects  of  a  narcotic  ;  yet  the  great  bulk  of  the 
opium  COtisisiiof  other  principles,  particularly  of  retinotll 
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and  extractive  ir.  ter.  How  sm^itl  a  quantify,  thereEoie, 
of  this  principle  must  be  contained  in  obe  grjiii  of  etude 
opium }  and  of  course,  whnt  hj^h  activity  must  it  be  pot- 
sessed  of  ill  its  Insulated  state  ?  Yet,  from  the  experiments, 
it  does  not  appear  to  have  been  much  more  active  ibau  o- 
pium  itself.  The  whole  subject  requires  farther  investi- 
gation I  and  at  present  there  is  no  proof,  and  even  little 
probability  of  the  dhMinct  existence  of  a  narcotic  principlet 
the  power  of  acting  on  the  animal  system,  and  producing 
those  effects  from  which  the  di-fiiiiiion  of  a  narcotic  li  dt- 
lived,  arising  probably,  in  common  with  the  other  powtti 
which  the  vegct;ibte  products  have  of  producing  changn 
in  the  functions  of  life,  from  modifications  of  composition 
which  may  belong  to  various  principleB,  and  which,  Aett 
is  perhaps  rea&on  to  believe,  are  too  subllc  to  be  everdi^ 
tected  by  chemical  analysis. 


Bitter  i'sincji'LE.  It  has  been  supposed  bv  some 
chemists,  ih^it  a  principle  exists  in  some  of  the  vegetjUe 
bitters,  in  which  their  bitleniess  resides.  The  propetiiesi 
however,  that  have  been  assigned  to  it,  particularly  ill 
equal  solubility  in  water  and  in  alkohoj,  and  its  precipita- 
tion by  certain  rc-agehts,  appt:ir  to  prove,  that  what  has 
been  ccinsiderod  as  such  h  a  vjriety  of  extract,  sliglittj 
modified,  perhaps,  by  intermixture  with  other  principles. 
And  were  even  its  existence  established,  the  name  that 
has  been  given  to  it,  implying  that  it  is  the  principle  of 
bitterness,  can  with  no  prupricty  be  assigned  to  it,  since 
so  many  substances  possess  this  (junlity,  in  which  it  his 
not  bi:ca  proved,  and  can  scarcely  be  supposed  to  ej,;j:. 
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nliar  tubBtance,  whicti  U  artificially  foroicd  bom 
•certain  vegeubte  atid  animal  pruJuccs,  wid  has  been  iiam- 
led  Bitter  Pnacipic,  has  a  belter  claim  u>  be  coii»iderMl  -as 
jB  disUnct  «ubstiioce.  There  U  no  reason,  however,  to  W- 
ppTff  tJmt  k  is  ever  naturally  forined,  or  tbat  U  exLsU  as  ^ 
jlK^i-tciblc  principle ;  and  as  a  product  of  cjicoucal  action, 
pulicubrly  of  iho  action  of  nitric  add  on  jtniaul  matter, 
t  will  aft«(wards  be  considered. 


pRtKCiPLE  IN  Asparagus.  The  notice  of  this  I  may 
pluo  under  this  section,  as  its  nature  is  not  well  deter- 
mined, and  it  has  not  yet  been  sufliciently  examined.  It 
discovered  by  Robiquet  iind  Vauquelin  in  ihe  juice 
^  Aipatsgus.  When  the  «xj)T^«ed  Hcetit  jiftce  is  con- 
mtrated  by  evaporation,  crystals  are  deposited  from  it, 
if  which  there  are  two  varieties  j  some  are  white  and 
^Uparent,  have  a  taste  rather  nauseous,  arc  hard  and 
kittle ',  the  otliers,  though  equally  white,  are  not  so  tran- 
f*mt  or  hard  ;  they  have  a  saccharine  taste,  and  their 
'^lUlline  form  is  different :  this  Vauquelin  regards  an  a 

icty  of  sugar  or  manna )  the  other  he  considers  as  a  new 
Bbitance,  and  the  following  are  the  properties  which  he 
liobserred  to  belong  to  it.  It  is  soluble  in  water,  and 
I  Ktlution  gives  no  indication  of  acidity  or  alkalinity,  re- 
|ntl  do  not  discover  in  it  the  presence  of  any  alkaline 
eanhy  base ;  tt  ia  not  therefore  a  neutral  salt.  It  is  not 
nbte  ill  alkohol ;  nor  does  it  suSi;r  any  change  from  in- 
of  galls,  3Ce:ate  of  lead,  oxalate  of  ammonia,  mu- 
rou.  XV.  B  b 
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CHAP.  III. 

QT  THE  SPONTANEOUS  CHEMICAL  CHANGES  AND 
DECOMPOSITION  OF  VEGETABLE  SUBSTANCES. 

JL  HE  changes  of  composition  to  which  the  vegetable 
prindples  are  liable  from  the  chemical  actions  of  other 
substances^  are  in  a  great  measure  peculiar  with  regard  to 
each|  as  are  also  the  changes  they  suffer  from  the  applica- 
tion of  heat,  and  have  therefore  been  noticed  under  their 
individual  history.  But>  besides  these,  they  are  liable  to 
spontaneous  changes  of  composition,  at  natural  tempera- 
tttxes,  arising  chiefly  from  the  re-action  of  their  constituent 
dnuents.  These,  as  being  more  general,  2Lie  to  be  the 
subjects  of  consideration  under  the  present  chapter. 

The  term  Fermentation  has  been  employed  by  chemists 

^o  denote  an  extensive  series  of  changes  of  this  kind,  in 

^hich  there  is  an  intestine  motion  of  the  parts  of  the  body, 

^^  Mrhich  ^ives  rise  to  new  products ;  and  as  this  general 

P^^ess  varies  in  its  phenomena  and  results,  according  to   ' 

^^  circumstance  undet  which  it  happens,  or  the  nature 

^He  vegetable  matter  subjected  to  it,  three  species  of  it 

"^^e  teen  distinguished, — the  Vinous,  the  product  of 

^*^*ch  is  vinous  spirit ;  the  Acetous,  which  produces  ace- 

^  acid  or  vinegar  :  and  the  Putrefactive,  in  which  the 

^  ^^ents  pass  off  in  new  combinations  in  the  aerial  form, 

^^se  may  be  considered  under  different  sections. 
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■BouRHAAVE  appears  first  to  have  tiisiinguiihcd  iti- 
rnentatiou  into  the  three  species  of  vinous,  aceloUf,  xndpii- 
trefactive,  eacli  being  disriiiguished  by  its  product*  as  well 
as  liy  the  phc;iomeiia  it  presents.  He  supposed  thjl  these 
tliTee  fiticteed  eatli  other  in  311  invariable  order,  that  the 
vinous  always  precedes  the  acetous,  and  that  (Ms  ttp&J 
precedes  the  putrefactiTe. 

Some  facts  arc  in  favour  of  ihia  hypothesis,  or  there  tn 
SubsCfinceB  whkh  undergo  these  successive  changes.  Miaj 
weak  vinous  li<]uoT^  by  a  continuance  of  the  fermcntatife 
procns,  become  sour,  Cir  form  vinegar  ;  and  vitngu  ilw 
tintlergoei  dt'coirpositinn,  forms  a  mould,  or  passes  intoi 
species  of  purrefnccion.  Itut  it  li  not  lo  be  conclwled, 
that  Lhe'<c  kinds  of  fiirmcnl^tion  invariably  succeed  eacli 
other:  Miiny  vegetable  sub;ta]ices  become  sour,  which  wt 
do  not  discover  ever  to  :issume  any  vinous  state  ;  and 
Still  grc.iter  number  undergo  that  deeompobition  analog! 
to  puirer.iclion,  wiilioui  having  passed  through  the  odxi 
tvo  stages  of  fermentation  ;  when  thcv  do  succeed  ow 
another,  liowcver,  tlie  vinous  is  that  which  precedes  At 
ethers  ;  and  it  never  succeeds  them. 

The  phenomena  which  occur  during  the  vinous  feraieiv 
latlon,  havf  been  examined  with  sufhcient  accuracy.  TV 
lit]uoT,  in  passing  into  it,  becomes  tutbid  -,  a  kind  of  ini»- 
tine  agitation,  in  which  its  parts  ate  moved  with  regarJto 
e.ich  other,  r.ikea  pl;ice  -,    a  quantify  of  aerial  Huid  bcp"" 


J 


OF  VINOUS  FEaMENTATIOK.  399 

to  be  disengaged,  which  b  partly  entangled  by  the  liquid, 
and  with  its  impurities  forms  a  scum  on  its  surface  ;  thf 
quantity  of  this  gas  disengaged  continues  to  inoiease  ^  the 
volume  is  augmented ;  and  the  temperature  is  raised  a 
number  of  degrees.  The  gas  thus  formed  ia  carbonic  acidf 
and  its  cfisengagement  continues,  until  the  end  of  the  pnv 
eess,  more  or  less  rapidfy^  according  to  the  nature  of  the 
fennenting  liquor,  and>  according  as  it  is  more  or  less  fa*> 
wored  bj  circumstances^  It  appears  in  its  evolution  to  be 
imiiregnated  with  part  of  the  principles  of  the  fermenting 
liquor,  and  to  retain  a  portion  of  these  when  it  escapes  in 
the  aerial  form.  Chaptal  observed,  that  water  which  had 
knUbed  it  by  being  p1a(:ed  in  a  vessel  in  the  atmosphere 
above  a  fermenting  liquor,  on  being  kept  for  a  month  in 
open  vessels,  is  converted  into  vinegar,  a  flocculent  mat- 
ter being  deposited ;  proving,  as  he  remarked,  that  the  car- 

*  lK>oi€  acid  gas  had  carried  with  it  a  little  alkohol  and  ex- 
trjictive  matter  ^. 

According  to  the  experiments  of  Fourcroy  and  Vauqua- 

lioy  related  in  their  Memoir  on  Fermentation  f ,  the  car- 

[    booic  acid  gas  disengaged  in  fermentation  is  frequently 

U  mixed  with  hydrogen.  They  found,  that  the  gas  disen- 
gaged during  the  fermentation  of  ma  1  red  barley  was  of 
this  nature ;  and  this  even  when  the  barley  had  been  freed 
from  the  bran,  which  they  had  at  first  suspected  might 
have  been  the  source  of  the  hydrogen.  The  wort  of  the 
brewers,  in  fermenting,  afforded,  however,  only  carbonic 


♦  Annalcd  de  Chiinie,  tom.  xxxvi.  p.  27. 
f  Ann^lcs  du  MM^t^^^ni  National,  torp.  vii.  p.  16-  or  Transt 
latioo  of  t^c  Memoir,  Philosophical  Magazine,  vol.  xxv. 
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acid  i  and  the  hydrogen,  therefore,  in  the  preceding  ex- 
periments, must  have  been  derived  from  the  fcciUa  of  the 
grain. 

After  a  certain  time,  2  few  days  if  the  quantity  of  liijaoi 
is  considerable,  the  disengagement  of  gas  and  the  intndne 
motion  to  which  this  gives  rise  begin  to  cease,  and  the  It* 
tjuor  recovers  its  transparency.  If  row  examined,  it  it 
found  entirely  changed  in  its  qualities  i  it  has  lost  its  bland 
or  sweet  taste,  has  become  pungent,  acquired  a  peculiiT 
odour,  and  is  capable  of  acting  more  powerfully  on  the 
living  system,  being  exhilarating  and  intoxicating,  auat  m 
less  according  to  its  strength. 

This  process  is  altogether  independent  of  any  action  irf 
the  air.  It  can  be  carried  on  in  close  vessels,  and  if  m>- 
terials  liable  to  fermentation  be  put  into  a  bottle  to  which 
a  bent  tube  is  ad^pteil  which  terminates  under  an  invert- 
ed jar  filled  with  wjter,  carbonic  acid  gas  soon  begins  to 
be  disengaged,  and  may  be  collected.  If  they  be  kept, 
however,  in  this  situation,  the  fermentation  proceeds,  a 
Chaptal  has  remarked,  more  slowly  than  when  the  vesscli 
are  imperfectly  closed,  being  retarded  probably  by  the 
pressure  of  the  gas  ;  and  hence  the  necessity,  in  conduct- 
ing fermentation  on  a  large  scale,  of  atlmitting  a  comnu- 
nication  with  the  atmosphere.  Too  free  an  exposure  is, 
on  the  other  hand,  prejudicial,  or  occasions  a  waste  of  il- 
kohol  and  aroma  *.  If  the  air  be  excluded,  while  the  gis 
formed  during  the  fermentation  is  allowed  to  escape,  Mr 
Collier  has  shewn  by  experiment,  that  the  liquor  fermem- 

•  Annates  dc  Chimie,  torn,  xsxvi.  p.  11. 
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ed  under  this  arrangement  is  stronger,  or  contains  more 
alkohol,  than  when  fermented  in  open  vessels  *. 

Of  the  vegetable  proximate  principles,  saccharine  mat- 
ter is  that  which  passes  with  most  facility  and  certainty 
into  the  vinous  fermentation ;  and  fermented  liquors  are 
more  or  less  strong,  as  the  juices  from  which  they  have 
been  formed  have  contained  a  greater  or  less  proportion 
of  sugar.  Certain  circumstances,  however,  are  necessary 
to  enable  it  to  commence  and  proceed.  These  are,  a  due 
degree  of  dilution  in  water,  a  certain  temperature,  and  the 
presence  of  substance?  which  appear  necessary  to  favour 
the  subversion  of  the  balance  of  affinities  by  which  the 
principles  of  the  saccharine  matter  would  otherwise  be  re- 
tained in  union,  or  at  least  would  be  prevented  from  en- 
tering into  those  combinations  necessary  to  form  vinous 
spirit.  These  substances,  from  this  operation,  are  named 
Ferments. 

]//,  A  certain  proportion  of  water  to  the  matter  sus- 
ceptible of  ferov^ntation  is  requisite.  If  the  latter  is  in 
large  quantity  proportioned  to  the  water,  the  fermentation 
does  not  commence  easily,  nor  proceed  so  quickly ;  on  the 
other  hand,  too  large  a  proportion  of  water  is  injurious,  as 
causing  the  fermented  liquor  to  pass  speedily  into  the 
acetous  fermentation.  The  proportions  employed  by  La- 
voisier in  his  experiments  on  fermentation,  were  four 
parts  of  water  to  one  of  saccharine  matter. 

2df  A  certain  temperature  is  not  less  essential ;  it  re- 
quires to  be  at  least  50,  or  rather  55  of  Fahrenheit.  At 
21  temperature  lower  than  this,  fermentation  scarcely  com- 


*  Manchester  Memoirs,  vol.  v.  p.  256. 
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mences,  or,  if  it  has  begun,  proceeds  slowly ;  and  if  thi 
lemperature  be  reduced  to  32',  it  is  entirely  checked.  It 
proceeds  still  aioTe  rapidly  when  the  temperature  is  much 
above  55°,  and  requires  to  be  checked  lo  prerent  it  from 
passing  into  the  acetous  stage. 

Lastly,  though  sugar  is  the  matter  which  serves  as  the 
basis  of  fermentation,  and  from  which  its  products  are 
formed,  the  presence  of  other  substances  are  requiate  to 
the  process.  It  has  been  often  stated  indeed,  that  su^ar 
alone,  dissolved  in  a  certain  quantity  of  water,  and  placed 
ill  a  certain  rempcralure,  will  pass  into  a  stale  of  fennen- 
raiion.  !l  is  doubtful,  however,  if  this  happens  wirh  i 
sulutron  of  pure  sugar ;  and  any  change  whidi  is  obsenml, 
in  imperfect  and  irregular ;  not  does  the  liquor  become 
vinous,  but  rather  sour. 

The  substance  usually  added,  where  an  addition  is  re- 
quisite to  excite  fermentation,  is  Yeast, — the  scum  which 
is  collected  on  the  surface,  as  well  as  the  sediment  formed 
from  liquors  already  in  a  state  of  fermentation.  This  add- 
ed to  a  solution  of  pure  sugar,  causes  it  to  ferment,  and 
to  pass  into  a  vinous  liquor. 

What  is  the  nature  of  the  matter  contained  in  yeast, 
which  thus  excites  fermentation,  when  it  otherwise  would 
not  take  place  ?  This  question  hr.s  often  been  the  subject 
of  investigation,  and  it  is  only  lately  that  some  light  has 
been  thrown  upcn  it. 

Lavoisier,  on  his  experiments  on  fermentation,  remaik- 
et\,  that  the  matter  of  yeast  is  a  compound  of  carbon,  hy- 
drogen, oxygen,  and  nitrogen  ;  ami  is,  therefore,  so  far 
of  an  animal  nature.     From  the  more  recent  researches  of 
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^Afoni)  Thcnard,  and  Seguin,  it  is  proved,  thai  it  is  a  tub- 
stance  analogous  to  gluten  or  albumen  which  rxisiB  in 
ytaU,  which  is  derived  from  those  vegetable  juices  or  in- 
fusions that  without  any  addition  are  capable  of  ferment- 
ii^,  and  which  excites  the  vinous  fermentation. 

Fabront,  as  the  result  of  his  researches  on  fermentation, 
announced,  that  though  saccharine  matter  is  the  principle 
accetsary  to  vinous  fermentation,  it  does  not  ferment  a- 
lone,  but  only  by  the  aid  of  another  substance  capable  of 
acting  upon  it :  tlus  substance  is  the  glutinous  or  vegeto- 
aoiina]  matter,  which  exists  in  t)ie  nutritive  grains,  aiul 
wiucli,  as  he  stated,  is  also  contained  in  ibe  gnpe,  being 
deposited  from  its  juice.  When  the  deposition  is  com- 
plete, or  rather  when  the  glutinous  matter  is  perfectly  se- 
parated by  repeated  ftlirations,  the  juice  does  not  ferment, 
but  the  sediment,  mixed  with  a  substance  susceptible  o( 
fermentation,  causes  it  to  pass  into  this  state.  The  glu- 
tinous part  of  wheat  appears,  from  some  of  Fabroni's  ex- 
pertnient^i  to  be  capable  of  producing  either  on  the  must 
of  the  grape  drprivrd  of  its  sediment,  or  on  an  artificial 
(nixturc,  the  same  effect  as  the  sediment  of  the  must,  ex> 
e«pt  that  ihc  fermentation  is  more  slowly  established,  and 
rrquires  a  higher  temperature  and  the  concurrence  of  tar- 
tar i  the  list,  as  Berthollet  has  remarked,  probably  proving  . 
useful  from  the  solubility  communicated  by  its  acid  to  the 
gtuicn-  He  accordingly  found,  that  a  mixture  of  sugar 
and  gluten  entered  into  fermentation,  by  adding  a  little 
cntar  to  if.  It  is  this  vegeto-animal  matter,  according  to  i  |  r 
Fjbroni,  which  principally  constitutes  the  yeast  of  wine  or  ''^ 
bccr  :  and  Rouclle  long  ago  found,  that  the  sediment  de- 


^ 
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posited  from  wines  in  fermentation  is  of  this  nature,  as  it 
affords  much  ammoniii  when  decomposed  \ 

Thenard  had  hkewise  undertaken  the  investigation  of 
this  subject.  Since  die  juices  of  certain  fruits  ferment 
Tery  readily  without  the  necessity  of  any  yeast,  he  direcl- 
•d  his  attention  to  these,  to  discover  the  principle  ihey 
contained,  and  which  thus  promoted  the  fermentation  of 
iheir  saccharine  matter.  He  subjected  to  experiment  the 
juice  of  the  gooseberry,  which  is  very  susceptible  of  fer- 
mentation. Having  pressed  it  through  a  linen  cloth,  it 
;Knnained  turbid,  and  held  In  suspension  a  slightly  gloti- 
.JMus  matter,  which  was  separated  by  filtration  and  washed 
with  water.  This  substuice,  added  to  a  solution  of  sugir, 
caused  it  to  pass  mto  the  vinous  fermentation.  Yet  after 
having  produced  this  effect,  it  still  remained,  according  to 
Thenard,  insipid,  insoluble  in  water  and  in  alkohol,  and 
no  farther  altered,  except  thr.t  on  being  subjected  to  de- 
structive distillation,  it  atTorded  no  trace  of  ammonia.  It 
appears  to  exist  in  large  qinniity  in  the  juice  of  the  goose- 
berry, not  only'suspended,  but  in  solution  ;  for  ^vhen  the 
juice  had  been  filtered  so  as  to  be  perfectly  clear,  on  placing 
it  at  the  proper  temperature  it  fermented,  and  during  the 
fermentation  lost  its  transparency,  and  threw  down  a  sedi- 
mer»t.  This  when  examined  was  found  to  be  glutinous 
and  insipid  :  thrown  on  red-hot  fuel  it  burnt  like  ani- 
mal matter;  distilled,  it  afforded  carbonate  of  ammonia: 
aoilcd  to  a  solution  of  sugar,  it  caused  it  to  ferment  rapidly. 
It  appeared  therefore  to  be  a  substance  perfectly  analogcu! 


■   Annales  <le  Clilmic,  toil.  ssxi.  p.  299. 
ClKiiiical  Sv^lKi,  vol.  ii.  p.  41(1. 


op  VIXOUS  rEHMENtATIOX.  395 

Ib'Ac  yeast  of  beer.  The  same  substance  was  found  by 
thii  cliemist  to  be  deposited  from  the  juices  of  tlie  grape, 
ihe  cherry,  apple,  pear,  ami  other  fruits,  during  their  fer- 
mentaiioni  and  (Itose  which  afForded  the  largest  (juantity 
of  it  were  those  which  run  most  quickly  into  the  vinous 
fermentation.  It  is  always  deposited  too,  as  their  frrmen- 
tatioD  proceeds ;  and  a  sediment  of  yeast  alwai^s  appear^ 
accordiog  to  Thenard,  when  alkohol  is  formed. 

To  this  substance  he  gave  the  name  of  ferment :  it  is 
tasteless,  does  not  change  the  vegetable  colours :  by  dry- 
ing it  loses  three-fourths  of  its  weight,  from  the  dissipa- 
tioa  of  water  *,  thus,  dried,  it  is  still  capable  of  exciting 
fcrmen  tilt  ion,  and  tnay  be  preserved  in  this  state  for  an  in- 
definite time.     It  is  so  little  soluble  in  water,  that  the  wa- 
ter, after  standing  over  it  for  several  hours,  on  being  fil- 
tered and  added  to  sugar  exerts  no  action  upon  it.     It  is  i 
decomposed  by  diluted  nitric  acid,  is  converted  into  a  fatty  I 
matter,  nitrogen  and  carbonic  acid  gases  being  evolved.   ' 
Potassa  acts  upon  it  as  it  docs  on  anim:il  substances,  forms 
md  of  soap,  and  causes  an  evolution  of  ammonia.     In 
nid  state  it  is  liable  to  putrefaction  petfeetly  similu 

ist  of  animal  matter,  and  it  alFordii  the  ssme  product! 

a  decomposed  by  heat,  the  proportion  of  carbon  be- 
ing large.  From  8  parts,  Then»rd  obtained,  by  destruc- 
tive distillation,  I.CI  of  water,  l.Sl  of  oil,  and  l.iGof 
muriate  of  ammonia  on  adding  muriatic  acid.  The  clastic 
fluid  db«ngagcd,  amounting  to  0.33,  consisted  of  carbonic 
acid,  and  carburctted  hydrogen  or  carbonic  oxide,  and  the 
rcaidutUD  amounted  to  2.83  «f  charcoal  *. 


*  Nicholson's  Journal,  vol  vii.  p.  33, 
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It  ia  evident  that  these  researches  still  leave  a  degree  of 
obscurity  with  regard  to  this  principle,  since  Thenanl  has 
not  determined  whether  it  is  a  peculiar  one,  or  whethn  it 
13  merelv  vegetable  gluten,  as  Fabroni  had  suggested,  and 
as  several  of  its  properties  appear  to  indicate.  There  a^ 
pears  everjr  reason  to  adopt  the  latter  opinion,  more  espe- 
cially as  the  analysis  by  Fourcroy  and  Vauquelin  of  the 
nutritive  grains  *  has  shown,  that  gluten  is  not  only  con- 
rained  in  wheat,  but  likewise  in  barley,  a  grain  which  ii 
very  susceptible  of  fermentation. 

Seguin  has  affirmed,  that  albumen,  whether  regetahle 
or  animal,  is  the  true  ferment.  As  the  characters,  how* 
ever,  of  this  principle,  and  the  distinction  between  it  and 
gluten  have  been  always  Gomewliat  vague,  it  is  not  impnt' 
bablc,  that  Seguin  uiiJcrbtands  merely  (he  latter  ptiociple. 
He  had  discovered  it  in  large  [[uaniity  in  those  vegeta- 
ble juices  which  pa^^s  into  ihe  vinous  fermentation  with- 
out yeast :  he  affiims,  l!ul  when  they  were  deprived  of  it, 
they  became  incapable  ot  ftrmi.- siting,  and  that  having  add- 
ed to  saccharine  matter  this  principle,  it  lermented,  and 
yeast  was  deposited.  The  rt-ipeciive  proporiions  of  al- 
bumen and  sugar,  in  the  different  vegetable  juices,  deter- 
mine, according  to  Seguin,  the  vinoui  or  acetous  nature 
of  the  product  of  fermcntaiion,  the  prtduci  being  more 
spirituous  the  greater  t!ie  quantity  of  sugar.  He  adds,  that 
animal  albumen,  as  the  white  of  an  egg,  has  the  same  ef- 
fect. Bocih.iave  long  ago  placed  tiiis  substance  among  the 
fiTments,  or  substances  which  excite  fermentation.      Ac- 
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o  rabroni,  howevtr,  neither  iJic  albumen  oi" 
egg,  thtz  insoluble  pan  of  the  animal  fibre,  aof  glue,  ha«  | 
the  ppopefcy  of  exciting  fermentation. 

Whatever,  however,  be  tlic  natiue  of  this  ptinciple,  if  j 
mtt«(  exist  both  in  the  sweet  vegetable  juices,  and  iti  the  | 
iiifUMone  of  the  grains  that  have  been  subjected  to  maUingt  I 
•ince  these  arc  capable  of  passing  into  the  vinous  fcrmeii-  J 
tation  without  the  addition  of  yeast,  and  even  di-posite  it  1 
M  the  process  proceeds. 

It  hfts  been  supposed,  that  nu  substance  enters  into  the  I 
vinous  fermentation  except  sugar.  The  nuttitivc  grain 
indeed,  can  be  made  (o  afford  fermented  hquors ;  but  the* 
are  always  tubjecled  to  the  previous  operation  of  malting, 
in  which  the  fecula  of  the  grain  is  by  the  process  of  ger- 
miiution  converted  into  sugar  t  and  this  was  held  indis- 
pensable to  render  them  susceptible  of  fermentation.  The 
{>nctice,  however,  of  the  spirit  distillers  of  this  couiilry, 
provec  that  (his  is  a  mistake.  I'hey  have  been  accustom- 
ed to  add  to  the  malted  grain  which  they  ferment  with  the 
view  of  obtaining  a  spirituous  liquor,  u  proportion  of  grain 
which  lufl  not  been  malted,  but  merely  niatM,  or  ground 
to  powder  and  infused  in  warm  water  t  and  the  propor- 
tion of  this  has  even  been  gradually  increased,  so  as  to 
exceed  that  of  the  malted  grain.  The  infusion  obtained 
from  this  miilurc  of  raw  and  matted  gram  is,  by  the  addi- 
tion of  yeast,  made  to  ferment  easily,  and  afTords  a  liquor 
pungent  and  spirituous. 

The  practicability  of  thus  fermenting  from  unmalted 
grain,  and  the  practice  itself,  though  scatccly  taken  notice 
of  by  chemists,  appears  to  have  been  known  in  this  coun- 
try for  a  considerable  time.  It  is  mentioned  by  Dr  Olivine, 
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r       )ur\ey,  trcatPil  in  the  &inic  manner,  having  aflfoKled  four 

I       ounces  five  drachms.     Twenty-lour  pounds  of  ihe  floor 

of  the  unmalteU  barley,  h^vin^  been  put  into  »  «4t  vith 

•even  tioiei  its  weiglit  of  warm  water,  and  four  pounda  of 

jreast,  entered  into  strong  fernientationi  which  coniinunt 

I  ■    Beven  days.     The  liquor  at  the  enJ  of  thM  time  submit- 

I       led  to  distillation  gave  a  weak  spirit,  whL'h  by  rectiiio- 

I      don  afibrded  alkohol.     The  quantity  anwunted  to  twen- 

I      ty-three  ouncee.  Now  Lavoisier  bid  established,  that  lOO 

I      parts  of  sugar  give  58  of  alkoTiol  ;  and  as  the  2^  lb*,  of 

;»    nnmalted  barley  contained  only  5  ounces  of  sugar,  it  fol- 

towrs,  that  four  times  more  alkohol  had  beeo  formed  than 

that  sugar  could  have  fumi^icd  ;  a  large  quantity  of  it  bxl 

therefore  been  formed  from  the  fecula  in  the  grain. 

Twenty-four  pounds  of  malted  barley  bruised  luvinj 
been  fermented,  under  tiie  same  circumstances  as  in  ilir 
preceding  experiment,  presented  the  same  phenomena,  the 
proportion  of  alkohol  being  three  times  greater  than  couU 
kave  been  forined  from  the  sugar  in  this  barley  *. 

As  fecula  consists  of  the  same  principle  as  sugar,  ^- 
Eering  only  in  the  proportions,  it  is  not  difficult  to  admit, 
that  it  may  be  brought  into  fermentation,  and  may  tffvti 
ultimately  the  same  products  as  saccharine  mzttci,  though 
it  is  also  possible,  perhaps,  that  even  in  the  process  no* 
described,  the  fecula  may  proceed  rapidly  through  the  ia- 
tcrmediate  state  of  sugar,  in  pj^sing  into  the  vinous  £et- 
mentatian  ;  and  it  would  appear  actually  to  do  so,  if  the 
observation  of  Dr  Irvine  be  correct,  that  when  the  flour 
tif  uiimalted  grain  is  mixed  with  a  quantity  thai  has  been 
malicd,  the  whole,  mLxed  wltli  water,  becomes  sweet. 


A^uialei  du  Muicum  National,  torn.  i 
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Oar  knowledge  of  the  series  of  chemical  changes  which 

constitute  yinous  fermentation,  is  still  imperfect.  -  Some 

essential  facts  connected  with  it  were  established  by  La- 

voiaieri  and  a  theory  given,  which,  however,  more  recent 

iav^gations  have  proved  is  not  altogether  just. 

The  properties  of  the  fermented  liquor,  its  odour,  pun- 
gerscy,  and  intoxicating  quality,  are  owing  to  the  presence 
oF  ^  substance,  which  can  be  separated  from  it  by  distil- 
lation, and  which,  in  a  pure  state,  possesses  these  qualities 
u^   ^  much  higher  degree.     It  constitutes,  in  the  state  of 
^>^^^tion  in  which  it  is  obtained  by  distillation,  vinous  spi- 
^*»    «r,  as  obtained  from  different  fermented  liquors,  from 
^^5ch  it  derives  peculiarities  of  taste  and  flavour,  the  spi- 
^^^^ous  liquors  of  commerce.  These,  by  certain  processes, 
wor-d  this  principle  pure,  and  the  same  from  all  of  them  : 
"^  ^his  pure  state,  it  is  the  spirit  of  wine  of  the  older  che- 
"^^sts,  the  Alkohol  of  the  modern  nomenclature. 

T^o  ascertain  with  more  accuracy  the  changes  which 

^^Ppen  during  fermentation,  Lavoisier,  instead  of  operat- 

'^^8  on  any  of  the  sweet  vegetable  juices,  the  exact  analy- 

^*5  of  which  is  difficult,  dissolved  a  quantity  of  pure  sugar 

'"^  Water,  and  made  the  solution  to  ferment,  by  the  addi- 

*on  of  yeast.     He  had  previously  sought  to  determine  the 

^**>po8ition  of  sugar,  and  found  it  to  be  a  compound  of 

^^bon,  hydrogen,  and  oxygen ;  he  found,  that  during 

.  ^^ftnentation,  no  portion  of  the  water  of  the  fermenting  li- 

^^»d  is  decomposed ;  nor  is  the  presence  of  the  air  neces- 

^^^  to  the  process.     Since  the  products  are  the  carbonic 

^cid  gas  which  is  disengaged,  and  the  alkohol  which  is 

^Contained  in  the  fermented  liquor,  it  follows  from  these 

Eductions,  that  these  must  be  derived  from  the  decom- 

Vol.  IV.  C  c 
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position  of  (be  saccharine  matter ;  that  in  fermenutien, 
therefore,  part  of  ihe  oxygen  and  c3ibon  of  tlie  sugar  com- 
bine and  form  carbonic  nciil ;  and  that  its  remainii^  ek< 
ments,  its  hydrogen,  with  the  remaining  ovygeu  and  cai- 
bon,  from  the  alkohol.  This  is  accordingly  the  view  be 
gives  of  the  vinous  fermentation.  *'  Its  elTects  on  sogar 
arc  reduced  to  the  mere  separation  of  its  elements  into 
two  portions  j  one  part  is  oxygenated  at  the  expmcc  of 
the  other,  S0i3s  to  form  carbonic  acid,  wliile  the  other  pari 
being  dlsoxygenated  in  favour  of  the  former,  is  converted 
into  the  combustible  substance  chilled  Alkohol  "." 

It  follows  from  Lavoisier's  experiments,  that  100  parts 
of  sugar  require  about  ^V  of  yeast,  deducting  lh«  water 
which  is  foreign  (a  it ;  that  it  produces  a  little  morothm 
^5  parts  of  carbonic  acid,  and  that  neatly  5S  parts  of  at* 
kohol  are  obtained  by  distillation,  about  2  parts  of  ac«tic 
acid  and  i-  of  extract  remaining. 

Independent  of  objocilons  whith  may  be  made  to  the 
details  of  this  throry,  from  the  uncertainty  of  the  compo- 
sition of  the  substancrs  concerned,  so  far  as  relates  to  dw 
proportions  of  their  elements  ;  and  independent  likewise 
of  the  correction  that  must  be  made,  from  the  f.ict  no* 
established,  that  fceula,  as  well  as  sug-ir,  is  capable  of  fst- 
mentation,— ^n  error  was  committed  by  I^voisier,  which 
affects  the  general  theory,  from  not  attending  sufEcienily 
to  the  operation  of  the  ferment  or  yeast.  This  he  regsrJ- 
ti!  as  serving  merely  to  excite  the  fermentation,  and  asrc- 
maiiiing  the  same  at  its  icrmin;ulon  as  at  its  commence- 
ment;  but  he  did  not  expLiln  in  what  manner  it  proiiu- 


'  Elements  of  Checnislry,  p.   I9'i. 
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•ed  this  efiecti  and  it  is  possible^  that  its  operation  may  de?* 
pend  on  some  of  its  prinpiples  entering  into  combination 
with  those  of  the  fermenting  substance. 

Fabroni  has  supposed  that  the  ferment  operates  in  ex- 
citing fermentation,  by  its  carbon  attracting  part  of  the  oxy- 
gen of  the  sugar,  forming  the  carbonic  acid,  which  is  dis- 
engaged I  while  ^e  remaining  sugar  thus  partially  de-oxi- 
dized, enters  into  combination  with  its  hydrogen  and  nitro- 
gep,  and  forms  what  properly  constitutes  the  vinous  or  fer- 
mented liquor,  or  gives  to  it  at  least  its  pungency  and  in- 
toxicating quality.  Neither  of  ihem,  therefore,  he  allege^t 
ift  to  be  found  in  the  liquor  after  fermentation,  if  this  has 
been  complete.  Of  this  theory,  however,  of  the  mode  of 
action  of  the  ferment,  no  proofs  are  advanced,  at  least 
none  are  stated  in  the  abstract  of  Fabroni's  opinion  given 
by  Fourcroy  *.j 

Thenard  has  given  a  view  somewhat  similar,  though 
not  perhaps  precisely  so,  and  has  endeavoured  to  support 
it  by  experiment.  He  mixed  a  quantity  of  ferment  with 
five  .^imea  its  weight  of  sugar,  and  added  water :  fermen- 
tation commenced,  and,  in  four  or  five  days,  all  the  sac- 
charine matter  had  disappeared :  a  quantity  of  carbonic 
i|od  gas  was,  as  usual,  disengaged  in  the  progress  of  the 
fermentation,  and  the  liquor,  on  distillation,  afforded  dilu- 
ted alkohol.  The  residue  of  the  liquor,  after  the  distilh- 
tien,  was  evaporated  to  dryness,  and  a  substance  obtained, 
SAuseous,  slightly  acid,  and  feebly  attracting  the  moisture 
0!  the  air.  llie  nature  of  the  acid  could  not  be  deter- 
^  Buoed,  but,  according  to  Lavoisier,  it  is  the  acetous  which 


*  Annales  de  Chimie,  torn.  xxxi.  p.  299. 
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is  obuined  in  such  an  eitperiment.  Lastly,  of  the  foraeirf 
there  still  remained  two-thirds  oS  a  substance,  which,  ts 
Thcnaid  states,  he  was  snrprised  to  find  ifForiled  much 
leas  ammonia  by  dtstiilation  than  the  original  fennent. 
Trom  this  fact,  which  appeared  to  indicate  th.it  pan  of  in 
aitrogen  had  been  abstracted,  he  concluded,  that  by  mix- 
ing it  anew  with  sugar,  fctmentation  would  take  pLacVi 
and  all  the  nitrogen  would  disappear.  This  accordingly 
happened  :  at  the  end  of  seven  days,  the  liquor  being  fil- 
tered, a  residuum  was  obtained,  which  gave  no  irate  of 
ammonia. 

Jt  appearing  from  these  experimentfl,  that  the  nitrogen 
of  the  ferment  disappears  during  fcrmcniaiiod,  Thmafi 
supposed,  that  it  might  be  carried  off  by  the  carbonic  Ko} 
gas  i  but,  on  collecting  this,  no  nitrogen  gas  was  funnilto 
be  mixed  with  it.  Since  it  is  not  contained,  therefurc, 
either  in  the  gas  which  esc.ipes,  or  in  the  residuum,  it 
must  have  enterc'd  ii)to  the  composition  of  the  fermeiiteJ 
liquor.  Yet  Thenart!  could  not  discover  it  in  the  alkohol, 
the  essfntia!  product  of  the  fermentation,  when  he  sub- 
jected it  to  various  modes  of  an.ilvsis  with  this  view.  He 
concludes,  however,  that  it  must  exist  in  it  -,  and  theie 
'experiments  lead  to  the  view  he  has  given  of  the  action  oi 
the  ft'rmcrt  in  exciting  fermentation.  He  supposes,  thii 
all  the  carbonic  acid  diseng,iged  does  not,  as  Lavoisier  had 
concluded;  proceed  from  t!ie  decomposition  of  thcsugit: 
the  first  portions  of  it  lie  assumes  arc  formed  from  a  com- 
bination of  the  carbon  of  the  ferment  with  the  oxvuen  ci 
the  sugar ;  and  tlie  ferment  oiicites  fermentation,  h\  ih- 
Stracting  from  the  sugar  ;i  portion  of  this  principii';  li;'-' 
eijuilihrlum  of  its  principles  being  brolien,  gives  ti:?  ;* 
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their  combination  in  a  diiFerent  manner^  so  as  to  form  car- 
bonic acid  and  alkobol :  even  a  part  of  the  hydrogen  of 
the  ferment,  he  supposes,  attracts  part  of  the  oxygen  of 
the  sugar ;  and  its  nitrogen  probably  enters,  with  the  re- 
maining elements  of  the  sugar,  into  the  composition  of  the 
alkohol.  The  other  principles  of  the'ferment  not  expend- 
ed in  these  combmations,  form,  he  supposes,  the  small 
quantity  of  acetic  acid,  and  the  insoluble  matter  which  is 
precipitated.  In  confirmatipn  of  these  views,  he  farther 
states,  that  ferment  has  a  strong  attraction  to  oxygen; 
that  it  absorbs  it  from  the  atmosphere,  and  forms  carbonic 
imd  acetic  acids,  the  nitrogen  being  disengaged  *. 

Seguin  has  given  a  very  different  view  of  the  theory  of 
fermentation.     He  supposes,  that  in  this  process  water  is 
decomposed ;  that  its  oxygen  unites  with  the  carbon  of 
the  ferment,  and  produces  carbonic  acid  *,  while  its  hydro- 
gen combines  with  the  sugar,  and  converts  it  into  alko- 
hol f .     The  objection  to  this  theory,  as  Thenard  has  re- 
marked, is,  that  by  fermentation  more  alkohol  ought  to  be 
obtained  than  there  was  sugar ;  whereas  little  more  than 
half  its  weight  is  produced.     And  besides,  the  carbon  of 
the  ferment  cannot  be  supposed  to  furnish  all  the  carbonic 
acid  that  is  disengaged  ^  nor  does  alkohol  contain  so  large 
a  proportion  of  oxygen  as  sugar. 

It  18  obvious,  that  the  facts  are  not  yet  sufBciently  as-' 
pertained  to  admit  of  any  certain  conclusions  being  drawn, 
^nuch  less  of  a  perfect  theory  being  delivered,  since,  amid 
|be  obscurity  which  still  prevails,  various  suppositions,  i 


•  Nicholson's  Journal,  vol.  vii.  p.  40. 
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priori,  perhaps  equally  probable,  might  be  formed  as  lo  the 
reciprocal  actions  of  substances,  the  elements  of  which  are 
so  much  disposed  to  mutual  combinations,  as  those  con*   , 
cerned  in  fermentation  ;  and  the  subject  muet  Itill  reinufl 
to  be  elucidated  by  farther  research. 

Bjr  the  process  of  ferment«tion,  a  numberof  liqMTSUV 
formed,  all  possessed  of  certain  powers,  particuUrly  ofiil 
intoxicating  quality,  but  differing  considerably  from  each 
other  in  their  strength  as  vinous  liquors,  their  tuH,  li-    I 
vour,  and  other  qualities,— ^id'ercnces  owing  partly  ro  At 
circumstances  under  which  the  fermentation  has  been  cjo* 
ducted,  but  more  to  the  substances  from  which  they  hitt    I 
been  formed.  They  may  be  arranged  under  two  dirisiotu,  ! 
ditTcreni  from  each  other, — into  what  are  named  Wintt,  J 
formed  by  fermenlation  from  the  sweet  juices  of  fmitt,    ^ 
aiid  into  the  vari^iui  kinds  of  Ak'  or  lieer,  formed  bv  tk 
same  process  from  the  nutritive  grains,  subjected  moiec: 
less  to  the  process  of  germination  or  nijttiiij;. 

Of  the  Wines,  those  afforded  by  the  juice  of  the  gtJpc 
claim  prc-tmincnce.  It  is  highly  sacchjrinc,  without 
much  acid,  or  matter  liable  to  afFord  acid  ;  its  flavour  ij 
agreeable,  and  it  contains  the  principle  necessary  to  cxti^e 
fermentation.  Hence  it  passes  readily  into  that  state,  and 
aiFords  a  rich  vinous  liquor.  Numerous  varieties  of  thi'jt 
wines  are  formed  from  the  grjpe,  modified  by  climate,  soi^, 
and  culture,  in  consequence  of  which  it  is  more  or  \tii 
saccharine,  and  intermixed  wlili  other  principles  fron 
which  it  derives  fl.wour  and  other  qualities.  The  product 
is  scarcely  less  influenced  by  t!ie  manner  in  which  iheier- 
mentntion  is  conducted  ;  whether  it  has  been  rapid  ct 
slow,  whether  the  air  has  been  freely  admitted,  aiid  -J.. 
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gas  allowed  as  freely  to  escape,  or  the  reverse ;  or  whether 
it  has  been  checked  before  it*  has  been  completed.  Hence 
the  distinction  of  sWeet  wines,  or  those  still  contaifiing  a 
portion  of  saccharine  matter;  of  strong  and  spirituous 
^rmes,  in  which  a  rich  juice  haybeen  completely  ferment- 
^,  to  as  to  furnish  a  large  proportion  of  alkohol;  of  spark- 
ling wines,  in  which  a  quantity  of  carbonic  acid  is  retain- 
ed by  the  manner  in  which  the  fermentation  has  been  con- 
ducted, or  by  its  having  been  put  into  bdtties  before  this 
has  been  complete ;  and  rough  or  astringetit  wines,  in 
which  some  astringent  matter  originally  ContMned  in  the 
fruit  is  retained.  Wines  too  differ  greatly  in  their  flavour, 
which  is  derived  from  the  grape,  and  is  much  liable  to  be 
modified  by  soil  and  climate,  and  which  in  the  different 
wines  is  still  more  varied  by  the  mixture  of  different  va- 
rieties of  grapes.     The  colour  of  wines  is  derived,  not 
from  the  juice  of  ihe  grape,  but  from  the  external  pellicle: 
hence  colourless  whies  are  prepared  from  the  red  grape, 
by  expressing  the  juice  carefully,  and  allowing  none  of  the 
husks  to  remain  mixed  with  it ;   while,  by  an  opposite 
practice,  or  by  macerating  the  juice,  while  fermenting,  on 
the  husks,  colour  is  communicated.      All  wines  contain 
too  a  portion  of  super-tartrate  of  potassa  derived  from  the 
juice ;  this  they  dci>obite  slowly,  in  the  gradual  fermenta- 
tion they  suffer  in  the  cask  -,  and  to  this,,  as  well  as  to  the 
other  changes  produced  by  this  3low  fermentation,  is  ow- 
ing the  improvement  of  wine  from  age. 

'Wines  are  also  formed  from  other  fruits,  as  from  the 
currant,  apple,  pear,  &c.  The  juices  of  the  currant,  goose- 
l>erry,  &c.  contain  too  large  a  proportion  of  acid,  and  too 
little  saccharine  matter,  to  furnish  wine  equal  to  that  from 
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the  grape,  but  are  improved  by  adding  sugar  to  the  juiWi 
before  fermentation.  Cyder,  from  the  juice  of  the  appk, 
and  perry  from  that  of  the  pear,  retain  a  considenble 
quantity  of  the  acid  of  the  fruit,  and  a  large  (Quantity  of 
carbonic  acid,  which  conimunicates  to  them  pungency  and 
a  sparkling  quality.  There  also  remains  in  these  Uquott 
a  portion  of  extractive  matter  or  mucilage,  whicli  renders 
them  more  liable  to  pass  into  the  acetous  fermcntadun. 

The  other  kinds  of  fermented  liquors,  are  those  fornied 
from  barley  and  other  grains,  forming  the  different  Tarie- 
ties  of  ale  and  beer.  In  the  preparation  of  these,  the  fe- 
cula  and  mucilage  of  the  grain  requires  to  be  altered  by 
the  process  of  malting ;  both  to  aiford,  by  tlie  production 
of  sacchariiic  matter,  a  liquor  more  easily  fermented  and 
stronger,  and  to  render  them  less  liabli;  to  pass  into  the 
acetous  fermentation.  The  grain  is  steeped  tn  water  for 
50  or  00  hours,  by  which  the  husk  is  softened,  and  a  por- 
tion is  imbibed  by  its  substance.  The  water  is  run  oif, 
and  the  moistened  grain  is  spread  out  on  the  floor  of  a 
chamber,  being  collected  to  the  dcptli  of  10  or  12  inches, 
to  prevent  it  from  becoming  dry  :  the  light  too  is  in  a 
great  measure  excluded.  It  begins  to  germinate,  absorbs 
oxygen,  and  gives  out  carbonic  acid  :  in  consequence  of 
this  chemical  action  the  temperature  rises;  and  to  pre- 
vent it  from  rising  too  high,  as  well  as  to  render  the  pro- 
cess as  uniform  as  possible  through  the  whole  grain,  it  is 
turned  up,  and  is  gradually  spread  into  a  thinner  heap. 
The  germ,  in  the  course  of  this  operation,  unfolds,  and 
the  plumula  gradually  elongates,  forming  what  the  brew-  , 
crs  csll  the  Acroipirc.  The  progress  of  the  process  is 
known  by  tlic  extent  of  this  elongation,  which  is  permit- 


OF  VINOUS  FERMENTATION".  409 

ted  to  go  on  for  a  longer  or  shorter  time  according  to  the 
quality  of  the  grain^  and  the  kind  of  fermented  liquor 
that  is  to  be  formed.  When  the  plumula  is  about  equal 
to  the  length  of  the  seed,  the  fecula  is  supposed  to  be 
most  completely  converted  into  saccharine  matter.  When 
it  is  to  be  checked,  the  grain  is  dried  by  the  heat  of  a  kiln, 
which  is  raised  gradually,  and  which  for  different  pur« 
poses  is  raised  to  different  degrees.  The  whole  of  these 
operations  constitutes  the  process  of  malting ;  which  is  ob- 
Tiously  nothing  more  than  germination  artificially  excited^ 
with  the  view  of  converting  the  fecula  into  saccharine  mat* 
ter»  and  the  theory  of  which  has  already  been  considered 
(page  56i  &c). 

The  grain,  after  having  been  malted,  is  freed  from,  the 
small  projecting  shoots,  and  is  ground  to  coarse  powder 
in  a  mill,  or  crushed  between  rollers.  This  is  infused  in 
tirarm  water  in  the  mashing  tun :  the  temperature  at 
which  this  is  to  be  used  is  considered  as  of  importance^ 
since,  if  not  sufficiently  high,  the  saccharine  matter  is  not 
properly  extracted,  while  if  it  be  too  high,  the  farina  be- 
comes pulpy  ;  the  temperature  at  which  the  water  is  ge- 
nerally used  for  the  first  infusion,  is  between  160^  and 

* 

170^.  This,  after  a  few  hours  maceration,  is  drawn  off*, 
and  a  fresh  quantity  added.  These  liquids  form  the  wort : 
this,  previous  to  its  fermentation,  is  boiled  with  a  quan- 
tit  J  of  some  bitter  vegetable,  generally  hops,  but  frequent- 
ly also  other  bitter  herbs ;  the  advantage  of  which,  besides 
the  flavour  and  taste  which  it  communicates,  is  supposed  to 
be  to  check  the  tendency  of  the  liquor  to  acescency.  When 
the  temperature  has  subsided,  a  portion  of  yeast  is  added, 
bjr  which  fermentation  is  sooner  excited }  this^  after  it  has 
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continueil  a  certain  time,  is  cheeted  before  it  is  perfectly 
complete,  at  least  wlien  tte  object  is  to  prepare  a  femcu- 
ed  litjuor  for  drink,  and  the  liquor  is  drawn  off.  In  tha 
maimer  are  formed  the  dillerent  kinds  of  beer,  ak-,  ani 
potter  i  the  process  being  varied  with  regard  to  t-acb  of 
ibeBe^  and  different  additions  being  made  besides  tfie  malt- 
ed grain.  They  are  of  course  weaker  than  wines,  ind 
*n  io  general  more  liable  to  become  flat  and  acescent, 
from  this  ciioumBtnncc,  as  well  as  from  the  ponion  cf 
nucilaginons  and  extractive  matter  which  iliey  contain ; 
but  thtjf  are  still  posaesicd  of  the  same  general  qoalttie:, 
agew  in  the  eJftets  they  produce  on  the  animal  sx'Stem, 
and  afford  a  portion  of  aJkohot  by  distillation.  Their  nar- 
cotic power  13  often  increased  by  the  addition  of  certain 
fldbstances,  and  is  greater,  therefore,  than  is  prt^onioned 
tte- their  Strength  as  vinous  liquors  :  and  h  is  somewhat  mo- 
llified perhaps,  by  the  bitter  matter  wliich  the  stronger 
kinds  of  them  coniaiii. 

When  grain  is  fermented  to  aiTord  a  wort  wliich  is  to 
be  subjectijd  to  distiUutiun  with  the  view  of  ufFording  a 
spirituous  liquor,  p.irt  of  it,  it  has  already  been  remarked, 
is  alw.tys  used  raw  or  unmalted.  The  fermentation  too 
is  conducted  rapidly,  and  is  carried  at  once  to  the  full  ex- 
tent, so  as  to  obtain  the  largest  produce  of  alkohol  from 
the  matter  convertible  into  it. 

From  fermented  liquors,  spirituous  liquors  are  obtain- 
ed by  distillmion  ;  ihos^,  consisting  of  alkohol  in  a  dilut- 
ed state,  but  varyin;;;  in  tlieir  strength  and  flavour,  as  ob- 
tained from  different  substances.  Urandy,  the  purest  pet- 
haps  of  these  spirituous  liquers,  is  obtained  by  distillaiicn 
from  wine  ;  Kunij  from  the  fiirniemed  juice  of  the  iU^jr 
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cane  :  and  from  the  different  grains,  what  is  named  Malt 
Spirit  is  formed.  In  this  co unity,  to  prepare  the  last  of 
these,  the  liquor  fermented  from  the  mixtu*^  of  nfialted  and 
vnmaltcd  grain  is  subjected  to  distillatitm,  and  die  weak 
liquor  which  is  obtained,  is  rendered  stronger  and  purer 
by  distilling  it  a  second  titne. .  The  peculiar  flavour  of  these 
different  spirittsous  liquors,  depends  probably  on  a  smaft 
portion  of  essential  oil,  derivied  from  the  vegetable  matter 
from  which  they  have  been  originally  prepared,  and  not 
altogether  changed  by  the  fermentation,  or  perhaps  from 
combinations  established  in  the  cotirse  of  the  processes 
from  which  they  have  originated. 

The  art  of  obtaining,  by  distillation,  spirituous  from 
fermented  liquors,  was  unknown  to  the  ancients.  It  is  said 
to  have  been  discovered  by  the  Arabians,  and  was  prac- 
tised during  the  dark  agesv  The  method  even  of  rectify- 
ing  these,  so  as  to  obtain  alkohol,  was  known  to  some  of 
the  earlier  alchemists. 

It  was  generally  supposed,  that  the  alkohol  produced  by 
distillation  from  fermented  liquors  pre-existed  in  them,  and 
being  very  volatile  was  merely  separated  by  the  heat.  Fa- 
broni  advanced  the  opinion,  which  indeed  had  been  before 
suggested,  that  it  is  formed  from  the  principles  of  the  fer- 
mented liquor  during  the  distillation  ;  and  supported  this 
by  the  result  of  eicperiments,  in  which,  if  alkohol  be  add- 
ed to  wine,  it  can  be  discovered,  while  by  the  sam^  me- 
thod alkohol  cannot  be  detected  in  unmixed  wine.  The 
manner  of  making  the  experiment  by  which  this  is  esta- 
blished, is  to  take  fresh  wine  with  which  one-hundredth 
part  of  alkohol  has  been  mixed,  and  to  add  to  this  as  much 
potash  as  is  found  by  a  previous  experiment  to  be  neces- 
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ury  to  precipitate  the  resinous  colouring  residue.  It  m 
then  etrained  and  put  into  a  glass  tube  graduated  into  100 
equal  parts,  and  as  much  potash  is  added  as  it  can  dissolve. 
The  hundredth  of  alkohol  which  had  been  added,  will  be 
seen  to  rise,  and  swim  on  the  surface  of  the  alkaline  solu- 
tion) and  will  be  of  the  same  degree  of  strength,  and  in  the 
ume  proportion  that  had  been  added,  if  the  experiment  it 
performed  sufficiently  ijuickly  to  lose  nothing  by  evapor^ 
lion.  *'  Now  if  by  this  means,"  says  Fabroni,  "  I  pro- 
cure only  the  same  quaniity  of  alkohol  from  the  wine  that 
1  knew  it  contained  before,  and  no  more,  it  appears  to  me, 
that  1  have  a  right  to  conclude  that  that  which  1  obtato 
from  tbc  same  wine  by  distillation,  did  not  exist  in  it  be- 
forci  but  that  it  is  the  operation  of  distillation  which  fonni 
it."  He  adds,  that  by  ihe  same  method  he  could  not  dis- 
cover in  new  wine  any  alkohoi,  though  he  could  obtain 
from  it  20  or  25  parts  of  brjiidy  in  1 UO,  by  distillation  •, 
This  experiment,  however,  is  not  perhaps  perfectly  con- 
clusive i  for  admitting  the  accuracy  of  the  result,  (though 
it  must  be  considered  as  rather  singular,  that  one  hundredth 
of  alkohol  should  be  cap.ible  of  being  separated  again  from 
a  liquor  in  which  it  is  dissolved,  and  that  without  any  loss), 
it  is  possible  that  the  alkohol  formed  during  tho  ffrnieiiia- 
lion  may  be  in  more  intimate  combination  with  the  prin- 
ciples of  the  wine,  which  will  impede  lis  separation,  than 
a  portion  of  alkohol  newly  added  and  immediately  opera- 
ted on  will  be.  Ch.iptal  has  well  remarked,  in  reference 
to  this  question,  that  a  similar  phenomenon  is  to  be  ob- 


Aniialcs  do  Ciiimiv,  turn.  xxxi.  p.  3l)3. 
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served  when  alkohol  is  mixed  with  water :  this  diluted  al- 
kohol  has  not  the  same  taste  with  distilled  spirit  of  the 
same  strength,  in  which  probably  the  combination  is  more 
intimate  ;  and  we  know,  indeed,  that  the  increase  of  den- 
sity from  such  a  mixture,  does  not  at  once  attain  itsmaxi- 
mum ;  proving,  therefore,  that  the  combination  is  not  at 
once  complete.  It  may  be  added,  that  it  is  not  very  pro- 
bable that  at  a  temperature  so  moderate  as  that  at  which 
the  spirit  distils  ofF,  new  combinations  should  be  establish- 
ed from  which  it  would  be  formed  :  nor  is  this  heat  greater 
perhapSi  tha^  that  which  a  mixture  of  alkohol  with  water, 
of  the  same  strength,  would  require  to  cause  it  to  boil. 
And  the  fact,  that  the  alkohol  has  the  powers  of  the  fer- 
mented liquor,  and  has  them  in  a  much  higher  degree  than 
that  liquor  has,  favours  the  conclusion,  that  it  exists  in  it, 
and  communicates  to  it  these  qualities.  Nor  is  there  any 
force  in  the  argument  which  has  been  advanced  against 
this  opinion,  that  by  mixing  the  product  of  the  distillation 
of  a  fermented  liquor  with  the  residuum,  we  do  not  re- 
produce, it ;  since  it  is  obvious,  that  the  high  temperature 
irhich  prevails,  especially  towards  the  end  of  the  distilla- 
tion, might  have  so  altered  the  combinations  as  to  render 
this  impracticable.  It  appears,  on  the  whole,  most  pro- 
bable,^ that  alkohol  pre-exists  in  wine  and  other  ferment- 
ed liquors,  but  probably  not  insulated,  but  combined,  as 
Chaptal  has  observed  *,  with  the  colouring  and  extractive 
matter,  and  the  other  constituent  principles  of  the  wine ; 
to  that  when,  by  the  application  of  heat,  the  combination 
is  weakened,  these  principles  are  separated,  and  the  most 
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volatile  rises  Rrsr,  forming  alkohol,  whiclt,  is  (lie  dUtill*- 
lion  proceeds,  becomes  more  and  more  diluted  with  water. 
Yet  so  nearly  do  these  opinions  approximate,  that  even 
this,  it  appears,  may  bo  understood  as  implying  that  tlie 
alkohol  is  aciunlly  formed  ;  at  least  it  is  in  this  senie  thit 
the  opinion  of  Chaptsl  has  been  considered  by  BenhoUft, 
ami  adopted  by  him.  "  It  appears  to  me,"  says  he, "thit 
alkohol  has  not  at  first  an  insulated  existence  in  wine,  al- 
though a  little  may  be  found  in  generous  old  wia«s,  but 
tliat,  laying  aside  the  tart  w  and  the  other  acids,  this  llijuor 
must  be  considered  as  an  uniform  compound,  tn  which, 
according  to  tlie  opinion  of  Chaptal,  the  properties  of  hy- 
drogen are  predominant  *.  heat  disposes  this  elastic  prin- 
ciple 10  separate,  but  its  cbsiicity  being  balanced  by  th« 
affinity  which  retains  it  in  combination,  a  division  of  ihe 
clement)!  takes  place  in  the  ratio  af  these  two  forces,  and 
3  ItquiA  passes  in  distilhtion,  in  which  the  properties  of 
the  hydrogen  have  become  much  more  predominant,  while 
1110  other  principles  of  greater  fixity  remain  and  form  the 
iMr.ici  :  a  second  disriil.-.tion  of  the  spirituous  li<]uor  se- 
parates the  water,  which  was  only  retained  with  the  al- 
kohol  by  a  weak  afri^iiiy  "."  T'le  arguments,  however, 
whicli  I  h.ave  alro.idy  stated,  and  particularly  the  observa- 
tion, that  wine  possesses  the  same  power  as  alkoiiol  in 
acting  on  the  living  sy-;cm,  appe.-.r  to  me  to  render  more 
prob.i!>!e  i!ic  conelu-ion,  tJiai  the  alkohol  exists  fully  form- 
ed ill  il\e  wlr.e  ;  for  :h!s  s!miljrify  of  power  could  scarceiv 
be  e\fej;e.'.,  m  .to  i;s  piemen:.,  only  contained  in  the  wine 
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Ch2f  tal»  in  his  ansJysis  of  wines»  found  *>  that  the  alko- 
.bol  they  afforded  varied  much  in  quantity:  some  rich 
wines  furnished' a  third  of  spirit,  while  some  weak  wines 
did  not  give  more  than  a  fifteenth.  He  found,  besides  the 
alkohol,  a  portion  of  acid  always  prescnt,i...^U  wines  red- 
dening test  paper :  it  appeared  from  his  experinlents»  to 
be  the  malic  acid,  with  a  small  portion  of  the  citric  :  it  is 
contained  in  kirger  quantity  in  the  wines  from  other  fruitSf 
as  cyder  i  and  predominates  in  the  fermented  liquors  from 
gfain«  He  supposes,  with  some  probability,  that  it  is  the 
cause  of  the  disagreeable  flavour  the  spirit  distilled  from 
them  has,  compared  with  that  distilled  from  wine :  this 
spirit,  at  its  first  distillation,  he  found  always  acidulous. 
The  richer  wine  is  in  spirit,  the  less  malic  acid  dties  it 
contain ;  and  hence  the  richest  wines,  under  the  same 
mode  of  distillation,  furnish,  he  supposes,  the  most  agree- 
able and  purest  spirit,  though  this  may  be  doubted.  Wines 
also  always  contain  a  portion  of  tartar,  derived  from  the 
grape,  and  which  they  slowly  deposite.  They  hold  dis- 
solved too,  a  quantity  of  extractive  matter,  derived  from 
the  same  source,  and  which  is  more  abundant  in  new  than 
in  old  wines.  To  these  principles  is  to  be  added,  the  co- 
louring matter  derived  from  the  pellicle  of  the  grape,  and 
dissolved  by  the  alkohol,  as  the  fermentation  proceeds. 
This  IS  often  slowly  deposited,  and  may  at  once  be  preci- 
pitated by  adding  lime,  which  combines  with  the  malic 
acid,  and  attracts  the  colouring  matter.  This  precipitate 
is  insoluble  in  water,  either  cold  or  warm,  and  alkohol  has 
scarcely  any  effect  on  it.     Lastly,  there  is  the  aroma  of 


♦  Philosophical  Magazine,  vol,  xi.  p.  128.  368. 


winei  or  principle  which  gives  it  its  peculiar  Savtmr,  i 
which  is  so  delicate  as  to  be  destroyed  instead  of  bmogm 
panted  by  heat. 

Fkom  the  spirituous  liquors  of  commerce,  Alkobol 
may  be  obtained ;  and  having  considered  the  protTDCiim 
of  (his  prmclpte,  it  is  now  necessary  to  attend  to  the  pi4 
pertics  it  eihibits  in  its  pure  and  insulated  state. 

The  process  tor  obtaining  it  in  this  state,  varies  acconl- 
ing  to  [he  kind  of  spirituous  liquor  from  which  it  is  ex- 
tructed.  The  purer  kinds,  as  brandy,  may  afibrd  it  mnv- 
ly  by  repeated  distillations,  a  portion  of  the  water  reniiin> 
ing  at  each  distillation  in  the  retort,  with  any  small  qoin- 
tiiy  of  other  matter  contained  in  the  spirit ;  the  alkoho! 
passes  over  less  and  less  diluted,  and  may  thus  at  lengfll 
be  obtained  pure,  or  at  least  can  be  obtained  in  such  a  srk 
by  adding,  in  the  latter  distillations,  a  little  potash  to  ab- 
stract ihe  water  more  completely.  When  it  is  to  be  ob- 
tained, however,  from  malt  spirit,  which  it  always  is  in 
this  country,  the  process  is  r.iilicr  more  complicated. 

The  spirit  h  first  disliilcd,  to  free  it  from  the  greater 
pari  of  the  water  mixed -with  it,  and  the  nauseons  Dilj 
or  eiir.ictive  matter  derived  from  ihe  grain.  The  alltoho! 
passes  over,  still  containing  a  little  of  this,  and  a  portiw 
of  water.  There  is  addeil  to  it  sub-carbonate  of  patn^h 
in  the  proportion  of  an  ounce  to  1  lb.  of  Spirit ;  the  sbIi- 
carbonate  liaving  been  dried  perfectly,  and  indeed  riis*^ 
nearly  to  a  red  lieat,  and  added  before  it  is  quite  cold.  U 
attracts  much  of  the  watcrj  and  forms  a  solution  of  grtawt 
specific  gravity  ih.in  the  purer  spirit ;  it,  therefore,  sUb- 
siJca  to  the  bottom.     The  .spirit  is  poiircd  oiT,  and  ]i  liii- 
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tilled  from  a  little  of  th^  s^me  alkaline  carbonate,  (about 
half  the  quantity  before  employed,)  with  a  gentle  heat, 
sioppiDg  U^  distillation  before  it  cocoe  to  dryness. 

The  spirit  thus  obtaini^d^  though  v«ry  strong,  has  a  dis- 
agreeable flaTour,  derived  from  the  alkali.  To  free  it 
from  tbiSf  and  to  obtain  it  still  au>re  pure,  it  is  subjected 
to  another  distillarion,  with  the  addition  of  a  jsmall  quan* 
tit  J 'of  common  alvni,  about  one  drachm  to  the  pound  ^ 
the  acid  of  which  attracts  the  small  ^uamity  of  alkali  it 
had  held  in  solution :  ^nd  in  this  distillation  a  little  re* 
C^Qtly  prepared  charcoal  powder  is  frequently  added,  to 
remove  mpre  coixipletely  any  unpleasant  flavour. 

Alkobpl  obtajned  ky  &ucb  a  jproci^ss,  is  of  a  specific  gra- 
▼ity  of  ;about  0.835,  ^nd  is  sufficiently  well  adapted  for  the 
U9€$  jto  which  it  is  applied  in  pbarn^acyj  as  well  as  for 
Biaoy  cheBUcal  p:urposes.  It  stiU  has  a  .portion  of  water 
combined  with  it^  which  may  be  abstracted  by  repeated 
disttUalions  from  substances  having  a  strong  affinity  to  wa- 
ter. Fotassa,. either:  pure  or  in  the  state  of  sub-carbonate, 
and  <murtate  of  lime,  are  those  generally  employed.  With 
pure  potassa  the  alkohol  may  be  so  far  concentrated,  as  to 
be  of  the  specific  gravity  of  0«815  ;  and  Dr  Fordyce  fur- 
nished a  quantity  used  in  the  first  es^perimcnts  of  Gilpin, 
at  .813..  By  using  muriate  of  Tune,  it  may  be  obtained 
StiU  lighter.  Dr  Black  brought  it  to  800 :  in  the  tables 
of  Chaussier,  it  is  stated  at  the  temperature  of  GO'^  at  .798  ; 
and  Lowitz  succeeded  in  obtaining  it  at  the  temperature 
of  68®  at  .71>1.  This  is  the  lowest  specific  gravity  at 
which  it  has  been  procured,  and  therefore  the  purest  alko- 
hol, t;hough  it  is  srlll  uncertain  if  even  at  this  strength  it 
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is  perfectly  free  from  water ;  nor  itideeJ  Ikitc  wc  aiij'  me- 
thod of  determining  when  it  is  so. 

TJie  strength  of  alkohol  is  best  judged  of  from  its  spe- 
cific gravity.  It  combines  with  water  in  every  prcrponion, 
and  undergoes  no  change  in  its  properties,  fanher  ihsn  i 
change  in  its  density.  The  specific  gravity  of  the  >U»Aol 
15  always  increased  by  the  addition  of  the  water,  not  only 
from  the  greater  specific  gravity  of  the  latter  fluid,  but 
lilccwiie  from  the  accrued  density  in  conaetjueoce  of  the 
chemical  combination.  From  tliis  last  circam&txncv,  the 
specific  gravities  of  such  mixtures  cannot  be  determined 
h  priori  from  knowing  what  portions  of  alkohol  and  id 
water  arc  mixed  together,  but  must  be  determined  by  ac- 
tual  experiment.  This  is  a  subject  of  much  impoitaoce, 
from  its  relation  to  the  strength  of  the  sptrituous  Uqncn 
of  commerce  ;  and  it  has,  accordingly,  from  time  to  tiBw 
cti5;.iged  ihc  attention  of  mar.y  chemists.  The  labours  ol 
Blagden  and  Gilpin  have  been  most  extensive,  and  there- 
suits  they  have  esi^blislicii  p<rhaps  the'  most  accurate. 
Their  first  report  on  tlie  best  method  of  proportioning  ite 
excise  on  spirituous  liquors  was  published  in  the  Philoso- 
phical Transactions  for  1790,  in  which  the  specific  gn- 
Titles,  from  standard  alkohol,  through  the  several  miiturn 
of  it  witli  water  in  different  proportions,  down  to  equal 
parts,  were  given  i  the  expcrimcnis  having  been  executed 
by  Mr  Gilpin,  and  the  ri'port  dr.iwn  up  by  Dr  Blagden. 
In  a  supplementary  rt'port  in  the  Transactions  for  1T93, 
the  specific  [iravitles  of  the  iiiixtures  in  which  the  propor- 
tions of  water  are  larger  were  given,  tcgettier  with  thost 
tormerly  given  and  again  repiv.tcd.  And  in  the  velun^i: 
for  ITyV,  a  set  of  tabbs  were  publiaiiei!,  showing  the  sfc- 
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cific  gravity  of  every  mixture  of  alkohol  and  water^  from 
100  cf  alkohol  to  1  of  water,  and  100  of  water  to  1  of 
alkohol,  at  the  various  temperatures  from  30^  to  80^,  with 
additional  columns,  expressing  their  volumes,  the  diminu- 
tion they  sufier  from  the  combination,  the  quantity  of 
spirit  j}fr  cent,  and  the  decimal  multiplier  by  which  the 
quantity  by  measure  of  standard  spirit  in  the  correspond- 
ing mixture  may  be  ascertained.     It  was  difficult  to  de- 
termine what  constituted  pure  alkohol,  as,  although  it  had 
been  taken  at  the  least  specific  gravity  at  which  it  could 
be  procured,  it  was  possible,  that  methods  might  after- 
wards be  discovered  of  obtaining  it  at  a  specific  gravity 
still  lower,  as  has  indeed  actually  happened.      It  was 
therefore  as  well  to  fix  on  it  of  a  certain  strength  as  a 
standard  ;  and  as  it  can  always  be  obtained  without  difFi- 
culty  of  the  specific  gravity  of  .825,  thfs  was  taken  as  the 
standard,  the  temperature  being  60°  of  Fahrenheit.    Thia 
standard  alkohol  consists,  according  to  Mr  Gilpin's  experi- 
ments', of  4.5  of  water,  and  100  of  alkohol  of  the  specific 
gravity  of  .SI 4.    The  following  abridged  table,  formed  by 
Mr  Nicholson  •  from  the  more  extensive  tables,  shows  th<y 
specific  gravities  of  the  diiTcrent  mixtures  of  standard  alko- 
hol  of  the  specific  gravity  of  .825  at  60°,  with  the  dilTercnt 
proportions  of  water,  for  every  five  degrees  of  temperature 
betwreen  *A0  and  80.  In  the  suj>plcmentary  report,  the  tem- 
peratures were  carried  even  to  100,  but  those  above  80  were 
omitted  in  the  last  tiibles,  probably  as  of  little  utility,  and 
as  beii^g  unavoidably  liable  to  in.iccuracy,  fro  in  the  volatili- 
ty of  the  spirit.      I  have  therefore  likewise  omitted  them. 
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4'-^  OF  ALKOHOL. 

The  specific  gravity  of  ttie  mixtures  of  alkohol  atid%»- 
(cr  is  best  deicTmineit  by  the  hydrometer  or  gravimetei, 
of  which  there  are  different  kinds  in  use.  That  of  FA- 
renhfit,  improved  by  Nicholson  and  Guyton,  is  probsWy 
ro  be  preferred,  as  the  most  accurate  and  delicate  •.  The 
ocher  methods  that  hare  been  employed  to  judge  of  the 
strt^ngth  of  spirituous  liquors,  as  vrell  as  of  pure  alkuliol, 


Alkohul  is  colourless,  and  perfectly  IrBnepai^nt.  ttt  »• 
dour  is  fngrant,  and  its  taste  hot  and  pung»ir.  It  3CU 
powerfully  on  the  animal  system,  exciting  exhilaratidtl  sad. 
intoxication. 

It  is  always  fluid)  not  congealing  even  at  the  lown: 
cold  that  han  been  obtained  by  aniiicial  methods:  it  it 
highly  expansible,  and  is  also  very  volatile.  Ii  etaponin 
Ijuivkly,  when  exposed  to  the  atmOBphete  i  it  disiik  ta 
dose  vcs^ch  slowly  it  100",  .in.l  boils  at  1G5^.  I:v  tiilt 
vohtili/ation,  it  suffers  no  change  but  of  form,  being  ccn- 
dcuscd  in  its  original  stcte.  If  suddenly  exposed,  howerer, 
to  a  high  tempcrituro,  it  is  ile con; posed,  new  combination 
being  established  among  its  cK'nU'ats.  Thus,  when  trani- 
mitietl  through  an  ignited  lul'e,  it  is  converted  into  one 
or  other  of  the  varieties  of  o\y-ca.bureited  hydrogen  gas, 
according  to  the  temperature,  ss  lu;.  been  Mreadt  remjtli- 
.fd,  under  the  his:ory  of  these  gases.  Watery  vapour  »rd 
carbonic  acid  gas  are  at  the  same  time  formed,  charcodii 
deposited,  which  by  incineration  affords  traces  of  pot;^^. 
silex  and  lime  ;  and  a  kind  of  cryslali;z>'d  volatile  oi!  v^ 
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r>b8enred  by  Vauquelin  to  be  formed  in  the  process^  which 
Saussure  has  since  likewise  obseryed. 

Alkohol  is  highly  inflammable.  It  kindles  when  the 
temperature  is  not  much  above  300^.,  when  in  contact 
with  atmospheric  air,  and  burns  with  a  blue  lambent  flame, 
without  any  sensible  smoke,  and,  when  pure,  without  any 
residuum.  It  afforded,  therefore,  to  the  older  chemists 
the  best  example  of  a  substance  being  entirely  consumed 
by  combustion.  Yet  some  of  them,  as  Boerfaaave,  observed, 
that  a  quantity  of  water  nuiy  be  condensed  from  burning 
alkohol  9  and  with  this,  there  is  also  formed  a  quantity  of 
carbonic  acid  gas.  The  quantity  of  water  was  found  by 
l^voisier  to  amount  to  about  eighteen  from  sixteen  parts 
of  aikohol. 

By  performing  the  combustion  in  vessels  adapted  to 
collect  the  products,  Lavoisier  endeavoured  to  infer  from 
this  experiment  its  composition  *.  Of  a  quantity  of  al- 
kohol kindled  in  a  lamp,  there  were  burnt  93.5  grains, 
and,  in  the  combustion  of  this  quantity,  11 0.32  grains  of 
oxygen  were  consumed :  there  was  produced,  carbonic 
acid  gas  to  the  amount  of  95.28  grains  \  and  a  quantity 
of  water  was  condensed,  which  Lavoisier  calculated  to  a- 
aiount  to  108.54  grains.  From  these  results,  he  inferred 
the  composition  of  alkohol ;  for,  knowing  the  composition 
of  carbonic  acid  gas,  it  was  easy  to  determine,  from  the 
quantity  of  it  formed  in  the  experiment,  what  portion  of 
the  oxygen  consumed  had  been  spent  in  its  formation,  by 
combining  with  the  carbon  of  the  alkohol  ^  the  remaining 
qu^iiitity  of  oxygen  had  of  course  gone  to  the  formation 


*  M*:noir.>  tie  I* Acad,  cits  Scicncej,  ITSl-,  p.  5^*^. 
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of  wafer,  by  combining  with  ihc  hydrogM  ef  the 
■4tid  wlijt  wjler  appeared  over  this,  Lavoisier  suppowd  lo 
have  pre-evisted  in  the  atkohol,  as  csscncial  to  its  contpis 
•ifion.  On  these  grounds,  he  concluded,  that  alkobol 
consists  of  28.5  of  carbon,  7.8  of  hydrogen,  and  6S.5  of 
water.  But  allowing  the  accuracy  of  the  reauttt,  wbick 
Iiaroisicr  himself  regarded  only  as  approximations,  it  is 
obvious,  that  the  inference,  that  the  l<ir|e  cjuantiiy  of  va- 
ter  formed  in  the  combustion  above  that  vrhich  eotiH 
have  been  derived  from  the  quantity  of  oxygen  crmsamcdi 
j^re-existed  in  the  alkohol,  by  no  mea^is  follows,  since  h 
might  have  been  rather  the  elements  of  this  water,  or,  in 
other  words,  the  alknhol  might  contain  a  portion  of  ui*- 
gen,  which  would  contribute,  with  tlie  oxygen  of  ihc  air 
consumed,  to  the  formation  of  the  water  and  carimuc 
acid  ;  and  this  inference  is  even  more  pTobable*  than  dut 
so  lai^L-  a  iju-tiitiiy  i:f  walcr  sliouM  exist  in  altoho!  reaJr 
formed,  combiaed  merely  with  carbon  and  hydrogen. 

The  composition  of  alkohol  has  been  more  lately  inves- 
tigated by  T.  Saussure  ".  ]iy  burning  a  given  vreight  of  it 
in  oxygen  gas  mixed  with  a  (trtain  proportion  of  atmo- 
spheric air,  observing  the  quantity  of  oxygen  consomeJ, 
and  of  caibonic  acid  and  water  formed,  he  endeavoured  to 
determine  the  proportions  of  Its  elements  •,  and  he  farther 
confirmed  the  results,  by  detonating  the  v.ipour  of  alko- 
hol  with  oxygen  in  a  tube,  and  by  decomposing  it  by  pass- 
ing it  through  an  ignited  tube.  The  two  latter  modescf 
experiment  he  regards  as  more  accurate  than  the  fir?t. 
The  results  of  the  one  g,ive  as  the  elements  of  alkohtri  mJ 

-  Kldlols.m's  .louniDl,  »ol.  »i:i.  p.  ^1-2. 
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Birir  proponiODS,  carbon  4S.82,  hydrogea  15.62,  oxygen 
il^S.  Thff  results  of  [he  other  gjvecarlwn  43, (j5,  oxy- 
ften  37.85,  hydrogen  li.:)4,  nitrogen  3.53,  ashes  0.04. 
The  alkohol  on  which  he  opeialed  was  of  the  specific  gra- 
vity of  0.792  at  the  temperature  of  68'  of  Fahrenheit. 
We  luiDW  not,  howeref,  whit  proportion  of  water  this 
alkohol  contains,  and  of  course  the  experiments  of  Saus- 
aufe  leave  still  undetermined  the  <]uestion,  what  propor- 
tions of  the  oxygen  and  hydrogen,  indicated  by  analysis  to 
be  contained  in  alliohol,  exist  in  it  as  immediate  princi- 
pletf  "^  what  pronortions  exist  in  it  in  the  state  of  water. 
The  preeence  of  iiitrcgen  had  not  been  indicated  by  foc- 
Bipr  mearclrcs.  Saussnre  considers  it  however  as  an  esien- 
dal  ingredient  in  alkohol,  and  not  as  derived  from  the  ur 
duiiflf;  the  combustion.  Tltenard,  as  has  been  alrrady  re- 
fflailteil,  ((lag^  403),  found  ihit  the  nitrogen  of  yeast  disap- 
pears during  vinouk  fercneniation,  though  he  did  not  di*> 
cover  it  in  the  alltohol. 

Alkohol  is  capable  of  combining  with  water  in  every 
proponton.  Though,  in  this  case,  Ho  now  properties  are 
acquired,  yet  it  is  a  real  chemical  combination,  us  is  evi- 
dent from  ibc  coudensalion  which  always  accompanies  if. 
In  whatever  proportion  the  two  liquors  are  mixed  logeiber, 
tbc  cpecific  gtavity  of  the  compound  is  never  ihc  mean  of 
tho  specific  gravities  of  the  separate  duidj,  but  it  always 
grater.  Thus,  if  one  part  of  alkohol,  whose ipecilic  gra- 
vity it  817,  be  mixed  with  one  part  of  wjicr  whose  spc- 
tific  gTJfiiy  is  1000,  the  specific  gravity  of  the  compound 
will  no;  be  ihe  mean  of  theit  respective  gravities,  906.5, 
but  will  not  be  Ic^s  than  9-14  i  and  a  ditTeruncc  will  hke- 
wUe  obtain  in  whatever  proportions  rhe  fluidi  are  mixed. 


'ITiis  difltTence  proceeds  in  a  decreasing  ratio ; 
sny,  when  ten  parts  of  alkoho!  are  mixed  with  one  of  wa- 
ter, the  difference  in  tbc  specific  gravity  which  is  proda««l 
IS  greater  than  when  the  ten  parts  are  mixed  with  r 
and  greater  in  this,  than  when  mixed  with  three. 
prti|ression,  however,  is  not  regular  ;  and  hence,  the  S] 
cific  gravity  of  any  possible  mixture  of  alkohol  and  waiM 
cannot  be  calculated  a pnsri,  but  must  be  determined  I 
actual  experiment. 

The  greater  densiry  which  the  combination  of  alkot 
with  water  acquires,  is  accompanied  with  a  diminution  in  -' 
the  capacity  for  caloric,  as  has  been  ascertainei)  by  actual 
experiment ;  and  hence,  a  rise  of  temperature  accorrvpa- 
nies  their  union.  The  combination  is  also  accompanied 
with  a  hissing  noise,  and  the  formation  of  aii  bubblet. 
When  alkohol  is  diluted  with  an  equul  weight  of  water,  it 
forms  what  is  named  Proof  Spirit. 

In  consequence  of  its  afTmiiy  to  water,  alkohol  is  capa- 
ble of  precipitating  many  of  the  neutral  salts  from  their 
aqueous  solutions.  Tliere  arc  others  which  it  does  not 
precipitate,  owing  to  the  alTmlty  it  exerts  towards  them, 
and  which,  even  in  its  pure  state,  it  is  capable  of  dissolv- 
ing, particularly  those  which  are  deliquescent,  which  have 
ammonia,  lime,  or  magnesia  for  their  base;  or  the  nitric 
or  murbtic  acid  for  their  acid.  From  both  of  these  pro- 
perties, alkohol  is  a  very  useful  re-agent  in  the  analysis  of 
mineral  waters,  and  under  thu-  consideration  of  that  sub- 
ject has  been  more  fully  tatcn  notice  of.  It  has  already 
bcfii  remarked,  that  many  of  these  saline  substances  givi- 
a  peculiar  tirige  to  the  iJjme  of  alkohol  in  burning. 

A'k..!nl  combines  with  ::■.■■  .ilkiHj.     I:  .iii^solvcs  potas- 
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9a  and  soda  tn  their  pure  state  ;  and  from  this  propertyt 
as  has  been  already  remarked,  it  is  employed  in  their  pre* 
paration,  and  enables  us  to  obtain  them  free  from  foreign 
substances.  It  appears  to  suffer  a  decomposition  from  the 
alkali,  probably  from  part  of  its  carbon  and  oxygen  being 
combined  by  the  resulting  affinity  the  alkali  exerts,  so  as 
to  form  carbonic  acid ;  for  the  solution  acquires  a.  deep 
brown  colour  *,  and  according  to  Pelletier  carbonate  of  po- 
tassa  is  formed,  and  the  alkohol  at  length  disappears*.' 
Ammonia  nuy  likewise  be  combined  with  alkohol  by  dis- 
tillation. Of  the  earthsi  strontites,  and  perhaps  baryte% 
are  dissolved  bv  it. 

'  The  acids  combine  with  alkohol,  and  some  of  them.de- 
compose  it ;  but  as  a  particular  onler  of  compounds  re- 
sults from  these  actions,  they  will  be  better  considered  af- 
ter the  history  of  alkohol. 

Alkohol  unites  with  sulphur,  but  to  effect  the  combina- 
tion it  is  requisite  that  the  sulphur  should  be  presented  to 
it  in  the  state  of  vapour.  In  this  way  their  combination 
was  effected  by  Lauraguais  f.  According  to  Favre,bo#'« 
ever,  if  alkohol  be  highly  rectified  or  freed  from  water,  it 
dissolves  sulphur,  merely  by  applying  heat  though  less 
than  sufficient  to  cause  the  alkohol  to  boil.  By  digesting 
an  ounce  of  alkohol  with  two  drachms  of  sulphur,  he  found 
from  13  to  23  grains  to  be  dissolved,  according  to  the  heat 
applied  (.  The  compound  of  sulphur  and  alkohol  formed 
by  the  process  of  Lauraguais,  is  a  liquid  of  a  reddish  c^ 


*  Mi'moirea  de  Chimie,  torn.  i.  p.  321. 

t  M.  moires  do  I'Acad,  dct  Sciences,  1758,  p.  81. 

\  Nicholson's  Journal,  vol.  xiii.  p.  70. 
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laur  ind  foetid  Gmcll,  resembling  that  of  SuIpliurettM^y^ 
drogen  :  it  becomes  turbid  on  cooling,  and  sulphur  i>  pre- 
cipitated from  it  by  the  addition  of  water.  The  propor- 
tion  of  sulphur  it  contains  is  about  a  sixtiplh. 

Phosphorus  ia  dissolved  by  alkohol :  the  lolution  is  ren- 
dered turbid,  and  the  phoBphorni  precipitated  ot>  the  af- 
fuMon  of  water.  When  the  liquor  is  poured  on  water,  a 
tremulous  but  *ivid  light  is  perceived,  when  the  experi- 
tnent  is  in;]de  in  the  darit. 

Alkohol  does  not  dissolve  tarbon,  nor  does  it  ctnnbiue 
with  hy()rof>en.  It  nbsorbs,  as  has  been  already  rctnarkcd. 
nitric  and  nitrous  oxides.  It  exerts  no  action  on  the  me- 
tals, even  when  (hey  are  osidii:<.-d,  but  it  dissolves  3  uuin- 
ber  of  the  metallic  salts. 

Atkohol  is  tlie  solvent  of  a  number  of  the  vegetable 
proximate  principles,  as  sugar,  resin,  extract,  camphor,  ea- 
leniia!  oil,  and  several  of  the  acids.  These  combinjtioni 
give  rise  to  \-arious  compounds.  With  essential  oils  are 
formed  the  odoriferous  essences  and  the  distilled  spirits. 
These  are  commonly  prepared  by  distillation.  A  quantity 
of  proof  spirit  is  poured  on  any  aromatic  fragrant  vegeta- 
ble :  a  moderate  heat  is  applied :  the  alkohol  of  the  proof 
spirit  dissolves  the  essential  oil,  and  distils  over.  What 
are  thus  formed  are  nnmed  Distilled  Spirits,  in  contta^is- 
tinction  to  Distilled  Waters,  prepared  by  distilling  water 
from  the  plant.  A5  the  essential  oils  are  readily  soloble 
in  alkohol,  the  spirit  may  be  easily  impregnated  with  them 
by  agitation. 

Camphor  dissolved  in  alkohol  forms  a  rompound,  which 
is  used  in  medicine  as  a  stimulant. 

R-ilns  di'solvod  in  ;.lti>],ol,  as  T  h^vc  already  rcm:.rV- 
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edy  form  VamUhrs.  Balsams  dissolve  in  it  emirdjt  gam- 
resins  partially. 

Alkoholj  from  its  po^er  of  dissolving  these  principleSf 
is  able  to  extract  the  active  matter  of  many  vegetables  ; 
and  when  diluted  virith  an  equal  part  of  water,  so  as  to 

I 

form  proof  spirit,  its  solvent  power  is  still  more  extensive. 
Both  in  its  pare  and  diluted  state,  it  is  therefore  fre(|iient- 
ly  used  in  pharmacy  to  dissolve  the  active  prtniciples  of 
many  vegetable  products,  and  thus  to  separate  them  from 
the  ligneous  fibre  or  other  inert  matter  with  which  they 
may  be  mixed.  Solutions  of  this  kind  are  named  Tine- 
tares  or  Elixirs.  Those  that  are  prepared  with  pure  alko^ 
hoi  are  decomposed  by  water,  the  resinous  matter  being 
precipitated  i  those  with  proof  spirit,  are  in  general  misci* 
bie  without  decomposition.  From  its  solvent  power^  al« 
kohol  is  likewise  often  employed  by  the  chemist. 


Th£  action  of  the  more  powerful  acids  on  alkoho],  it 
has  been  remarked,  is  peculiar,  and  gives  rise  to  an  order 
of  compounds  of  some  importance  from  their  chemical 
properties.  These,  as  produced  by  the  different  acids, 
▼ary  somewhat  in  their  qualities :  they  also  agree,  how- 
crer,  in  the  possession  of  certain  general  properties ;  they 
are  highly  volatile,  odorous,  pungent,  and  inflammable, 
miscible  with  water,  and  capable  of  combining  with  alko- 
hoi  in  every  proportion.  These  compounds  are  named 
£TH£Rs }  the  specific  name  of  each  being  derived  from  the 
acid,  from  the  action  of  which  on  alkohol  it  has  originnt- 
cd,  as  the  sulphuric,  nitrir,  muriatic,  or  acetic  ether. 
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SuLruuRicBTHERisortbMccninpouiiilsriieoncwIudi 
h.iA  b(?oo  longest  Lncwn.  Tiiu  fulluwing  la  du  procesib; 
which  it  is  prcpjTed. 

Upon  i  i)uaiiti[y  of  ;i}kohol  in  a  tclort,  (aelccied  thin  U 
the  l)ottoin>  ao  as  to  be  cjpubk  uf  bearing  ;i  sudden  be£t)a 
ia  poured  in  equal  weight  of  sulphuric  acid.  The  adJU 
added  in  i  full  stream,  m  that  Jrum  im  grsater  specific 
gravity  it  f.)ill3  at  onci  to  the  butium  of  the?  retort ;  it  is 
then  ntixL-d  with  the  alkohnl  above  b^  frequent  atul  mode- 
tatc  agitation.  From  this  mixture  the  alkohol  acqaircs  » 
bfuwiiiftlt  culout ;  vapours  having  a  fragrant  odour  are  di^ 
ctig4god  i  and  the  temperatute  ri^es  to  about  ISO  oi  Fab- 
rcnh^il.  When  ilie  mixture  oi  the  acid,  and  ■tlkolic4  is 
compJcle,  the  retort  ia  to  bu  immclijlely  placed  in  a  sand 
bad!,  and  connected  with  two  Ijrgc  receiveK,  which  aie 
kept  cool,  by  watac  or  ice.  ^.  Heat  is  to  bcappliod  to  the 
rctoit.  The  Ii(]u.)r  bo!!^  when  t!ie  t.-mpcr,;Li:re  is  rji,e,I 
to  208,  the  ether  being  formed  dttlut  tcmpcnture,  onj 
distilling  over  ;  tl.c  condensation  of  it  is  to  be  promotoii  by 
keeping  the  receivers  cool  witli  w.iter,  nnd  the  d;stil!j:ij:i 
is  to  be  continued  till  abau;  li,iil'  ilie  quantity  of  the  alko- 
hol employed  lias  distilled  over,  or  until  the  neck  of  the  re- 
tort becomes  obscured  wiib  white  fum«,  which  coudcnse 
into  a  matter  of  apparen;lv  an  oilv  eonaiitv'iite. 

The  liquor  wliit:h  disLils  over  into  tiie  receiver  is  tiic 
sulphuric  ether.  If,  to  the  ri.'=;iliMl  liijuor  in  the  rcicti, 
there  be  addi-d  h.ilf  the  qii.intiiy  of  alkohol  emploved  isi 
the  iirit  distilljtion,  on  applying  Iil'ji,  a  iifw  pruiluctivii 
i>t  eihcr  takes  pl.icej  and  this  in.';-  lie  r.'jvj  neJ  jjeviTil 
ii::;.'j.  In  this  way  it  wns  a5ccn.ui:-,u  I'v  Djiifuss,  ih^;  cue 
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part  of  sulphuric  acid  can  convert  from  two  to  three  times 
its  weight  of  alkohol  into  ether. 

Besides  ether,  thtre  are  some  other  products  formed 
during  the  action  of  sulphuric  acid  upon  alkohol.  To- 
wards the  end  of  the  process  an  oily-like  matter  distils 
over,  which  has  been  named  Sweet  Oil  of  Wine.  This 
can  be  obtained  separate,  by  changing  the  receiver  :  it  is 
unctuous,  thick,  and  less  volatile  than  the  ether,  but  is 
soluble  both  in  it  and  in  alkohol.  It  is  obtained  likewise 
by  distilling  sulphuric  ether  from  a  fresh  quantity  of  acid. 
Chemists  are  not  agreed  respecting  its  nature :  Fourcroy 
and  Vauquelin  consider  it  as  similar- to  ether,  and  that  it 
differs  from  that  fluid  principally  in'  containing  a  larger 
proportion  of  carbon,  which  gives  to  it  more  density  and 
kss  volatility.  Other  chemists,  particularly  Higgins,  have 
affirmed,  that  it  is  a  compound  of  ether  and  sulphurous 
acid,  and  that  by  the  addition  of  an  alkali  which  combines 
with  the  acid,  a  quantity  of  ether  may  be  obtained  from 
it.  It  does  not  appear,  however,  that  this  combination  can 
be  formed  directly,  or  that  ether  can  combine  with  a  large 
quantity  of  sulphurous  acid,  so  as  to  assume  the  properties 
of  oil  of  wine  i  and  though  this  substance  may  contain  a 
portion  of  this  acid,  it  is  not  improbable  that  it  also  differs 
from  etlier  in  its  ultimate  composition. 

At  the  same  time  that  the  oil  of  wine  is  disengaged,  there 
is  formed  a  quantity  of  oleiiant  gas,  which  passes  off.  It 
was  in  this  process  indeed,  that  tlie  production  of  this  gas 
was  first  observed  -,  and  the  action  of  sulphuric  acid  on  al- 
kohol still  affords  us  the  best  method  of  obtaining  it 
pure.  There  is  also  separated  a  quantity  of' carbcnace- 
•us  matter  somewhat  bituminous,  which 'gives  to  Uio  li- 


»  Uadc  eolssr.    Tvaunk  i^  ati  dL  tte  pwcn*  Ar 

c  bccnmr*  le  leaded  v^  tkii  carbjaaenaft  bkmk 

mnre,  tks  if  tbe  heat  bb^sp,  die  nlpiAncacirfadi- 
,  aal  X  Isge  qii^Kkf  of  Klflmass  acid  jm 
aadcM^e(Hcaci4»pMd«0RL  If  cbe  grexctt  aoc  it  aK 
tikin  to  keep  Uw  !>««  nod^fMc,  dw  wbole  fi^aor  b  aft 
to  >Nwll  «adJ«i)ty  up^  and  Ixnl  over  iaio  dw  ncetvo.  IT 
namioFd  m  liiu  iiaif|  it  U  Ekcwtae  ioood  lo  coataa  a 
p««tl«a  of  acetic  and  oulic  aculs,  and  t^  lulfiliimc  acid 
Jt  cotuidmblf  diloud  vtth  vaier. 

Frani  ib»  £annatwD  ef  utipbnniui  acid 
cpd  of  tW  p*cce(4,  thv  nbcT  is  to  far  imprqgiuKd  wtA 
that  'at  fngrattctf  it  injureJ,  and  it  it  rtntlmd  poa^ 
And  acrid,  ft  it  alw  diluifd  wiLh  a  pernon  of  v.uer.  b 
M  frm)  from  ihei^,  bf  subi«cung  it  (o  a  wcerd  dMlffl*> 
lion  with  a  very  gentle  heat  sppiicJ  by  3  u-.itcr-bjih,  pore 
putassa  being  prex'iously  added  to  it,  in  the  prop.>nij3  of 
two  drachms  to  cacii  pound ;  tl.is  attracts  the  suiphurcuj 
acid,  and  rtroders  alio  the  water  r^ither  iess  volatile.  SU>«1 
lime  may  he  substituted  with  adv^.^tagCi  as  was  ptopoif'^ 
by  Woolfc.  Another  nicibod  of  rectificatior,  propoitJ 
by  Pelleiier  ",  and  revived  by  Dize  \,  which  I  have  foumi 
to  succeed  extremely  well,  is  to  distil  the  ether  of  the  firs' 
distillation  fiom  a  little  black  oxide  of  mmganese,  the  osy- 
gen  of  which  combines  with  the  sulphurous  ;icid,  conTcn- 
ing  it  into  sulphuric  ;  and  ibis,  with  the  w.iter,  retnaioS 
i[)  the  retort.     Even  after  either  of  these  proccssts,  ihc 

•  Mi'muirei  de  Chimir,  lom.  i.  p.  ^It. 
t  Niv.-M3on'i  Journal,  ito,  vol.  iii.  p.  13. 
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ether  may  still  contain  a  portion  of  alkohol,  which  usually 
passes  over  in  the  first  stage  of  the  distillation.  This  is 
best  abstracted  by  agitation  with  water,  which  imbibes 
the  alkohol,  and  a  little  of  the  ether :  the  greatef  part  of 
the  ether  floats  above,  may  be  drawn  off,  and  by  distilling 
it  with  a  very  gentle  heat,  is  obtained  extremely  pure; 
Saussure  found,  that  when  a  large  quantity  of  it  was  burnt, 
and  the  water  -afforded  by  its  combustion  collected,  not 
a  trace  of  sulphuric  acid  could  be  discovered, — a  proof 
that  the  acid  is  not  necessary  to  its  constitution* 

A  degree  of  obscurity  still  prevails  with  regard  to  the 
theory  of  the  formation  of  sulphuric  ether ;  different  views 
having  been  entertained  of  the  agency  of  the  acid  oh  the 
alkoboK    The  explanation  that  was  generally  given,  after 
the  establishment  of  the  theory  of  Lavoisier,  was  founded 
6n  the  supposition,  that  the  acid  acts  principally  by  com- 
municating oxygen.     Alkohol  consists  of  carbon  and  hy- 
drogen, with  a  portion  of  oxygen  :  when  mixed  with  sul- 
phuric acid,  and  exposed  to  heat,  it  was  supposed  that  part 
of  the  acid  suffered  decomposition,  its  oxygen  being  at- 
tracted by  the  hydrogen  of  the  alkohol,  and  forming  wa- 
ter :  the  balance  of  attractions  between  the  principles  of 
the  alkohol  being  thus  broken,  part  of  its  carbon  is  preci- 
pitated, and  is  diffused  through  the  liquor,  rendering  it 
thick  and  dark  coloured ;  and  the  remaining  quantities  of 
its  elements,  its  carbon,  hydrogen,  and  oxygen,  unite  and 
form  the  ether. 

This  explanation  is  founded  on  the  supposition,  that 

the  sulphuric  acid  is  decomposed  in  the  process  by  which 

ether  is  formed.     But  a  few  years  ago  it  was  affirmed  by 

Fourcroy  and  Vauquelin,  from  a  series  of  experiments 
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which  they  undertook  to  elucidate  this  subject,  thatas^ 
n  decomposition  of  the  ;icid  is  not  necessary  to  its  fonm- 
lion  :  that  although  ic  rmj  take  phce  to  a  certain  exttni 
lowMrds  the  eitd  of  the  process  when  the  liquor  ii  Itaied 
with  cjcbon*  there  is  no  indication  of  it  in  the  fint  stage, 
during  which,  piincipaliy,  the  ether  is  formed  i  nonl- 
phuTous  acid  gas  is  discharged,  and  if  the  process  be  stopt 
at  the  end  of  tliis  stage,  the  remaining  acid,  ibejr  foand, 
h  capable  of  saiuuting  the  same  quantity  of  alkali,  u  be- 
fore its  mixture  with  the  alkoho)  *. 

These  chemists  ga'e,  therefore,  a  different  view  of  liiis 
subject.  They  suppose,  that  the  sulphuric  acid  suflerrM  : 
decomposition,  and  that  it  acts  no  other  part  than  causif^i 
by  the  exenion  of  a  disposing  affinity,  the  decompowtioD 
of  the  alkohol.  By  this  aSiniiy  it  disposes  part  of  tfae  hy- 
drogen and  of  tlK  oxygen  of  the  alkohol  to  comlnne  and 
form  water :  the  balance  of  attractions  being  subvened)  i 
(juaiititv  of  carbon  is  stparatcd,  and  the  remaining  caiboo, 
hydrojrtfn.  ami  cxy^t:i,  combine  and  form  the  ether. 

This  ilnrory,  hgufvcr,  advanced  by  these  chemists,  is 
rot  petlectly  eiTj'u.islied.  Though  ihey  afnrm,  that  tli^ 
acid  rem.iiniTig  ai';er  the  fumuiion  of  eiher,  saturates  w 
much  ilk.M  ai  it  UL'uid  tio  previous  to  its  mixture  wi:h 
tht'  jlkohoi,  tlie  c).7:fi::r.i.'r;  bv  \i-h:ih  this  is  supposed  w 
be  estabiiiiic^: ,  ;s  rcr  jlu^^tiivr  uithout  f.iliacy.  During 
the  lotmation  ol  c:her,  riiere  i,-  ^iways  a  formation  fron 
tl,.'eifmef.:sci'  t;.!- ..IkcIj.  .,  .  :'  icni?  of  the  vegetable  aciJs. 
particuUr.y  o;  :i..'  3k--Toj5  .n^  oxiliv-,  Ihe  oii,aiic,  it  ba) 
bti-:i  ;-icrUi:,i.\t  .^v  l..c  .>l:.iv.i:u"::>  of   Cadet,   is  fotn-t.' 
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jAfiioKsly  even  without  heat,  merely  by  allowing  the  mix- 
ture of  4cid  and  aikohol  to  remain  at  rest  for  some  time. 
These  acids  will  contribute  to  the  saturation  of  the  alkali : 
so  that  if  none  of  the  sulphuric  acid  were  decomposed, 
more  alkali  ought  actually  to  be  saturated  by  it  after,  than 
befiore  its  miituic  with  the  alkohol. 

There  are  also  some  facts  which  appear  to  prove  the  ne- 
cessity of  the  presence  of  some  substance  that  can  pare 
with  its  oxygen,  for  the  production  of  ether.  Thus,  ether 
is  fonned  with  most  facility  by  those  acids  which  yield 
oxygen  readily  :  it  is  formed,  for  example,  with  great  ra- 
pidity by  the  nitric  acid  {  though  it  cannot  exert  a  strong 
disposing  aflinity  to  water,  but  very  readily  pans  with  its 
oxygen.  It  is  therefore  still  doubtful,  but  that  the  de- 
composition of  the  acid,  and  its  affording  oxygen,  is  ne- 
cessary to  the  formation  of  ether. 

Laodct  and  Dabit  published  some  experiments  *  in  op- 
position to  the  theory  of  Vauquelin,  in  which  it  appeared 
to  be  proved,  that  eiher  Is  formed  when  alkohol  and  bUck 
oxide  of  manganese  are  mixed  and  I'xpoaed  to  the  proper 
heaii  a  very  small  quantity  of  sulphuric  acid  (as  an  ounce 
to  a  pound  of  alkohol}  being  added,  merely  to  favour  their 
action  ;  and  that  muriatic  acid  heated  with  alkohol,  gave 
iio  oiher  i  while,  if  black  oxide  of  manganese  were  added, 
an  ether  was  formed :  whence  they  infeired,  that  the  com- 
munication of  oxygen  is  necessary  to  the  formation  of 
ctber.  In  opposition  to  tliese,  Fourcroy  and  Vauquelin 
affirmed,  that  ilie  liquors  thus  formed  differed  from  eihef 
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in  their  constitution  and  ptoperttcs  *  :  but  admitting  tfai;, 
they  appear  to  approach  to  it :  and  the  facts  above  snui 
remain  unfavourable  to  the  theory  of  these  cliemists. 

Whatever  opinion,  however,  may  be  formed  as  to  the 
manner  in  which  the  changes  that  take  place  during  the 
form^ition  of  ether  are  produced,  the  nature  of  the  cb*ngn 
themselves  seems  sulGciemly  we!t  ascertained.  It  is  pro- 
ved, that  a  quantity  of  the  hydrogen  of  the  alkohol  is  ex- 
pended in  the  formation  of  water,  as  the  remaining  acid  is 
always  in  a  diluted  state  :  a  still  larger  quantity  of  catbtv 
naceous  matter  is  separated,  and  is  diffused  through  the 
liquor.  The  ether,  therefore,  which  is  the  only  other  pn> 
duct  of  the  operation,  is  to  he  considered  as  a  compound 
of  hydrogen  and  Carbon,  and  probably  oxygen  j  differinj 
from  alkoho)  in  containing  a  larger  quantity  of  hydn^en 
proportioned  to  its  carbon  ;  and  to  this  predominance  of 
hydrogen  its  great  levity  and  volatility  are  owing.  Thii 
conclusion  is  confirmed,  by  its  analysis  by  combustion, 
the  products  of  which  are  water  and  carbonic  acid  ;  the 
former  being  derived  from  the  combination  of  its  hydro- 
gen with  the  oxygen  of  tlie  air,  the  latter  from  the  satnt 
combination  of  its  carbon,  Mr  Cruickshank  found,  th»t 
the  vapour  of  ether  requires  about  seven  times  its  volume 
of  oxygen  to  saturate  it  in  combustion  ;  the  products  being 
water  and  c.nbonic  acid  gas,  the  latter  amounting  to  t.fi 
parts  by  me.;6urc.  From  this  result,  compared  with  a  ii- 
milar  eicperiment  on  alkohol,  he  inferred,  that  the  propor- 
tion of  carbon  to  hydrogen  in  the  ether,  is  as  3  to  t  neii- 
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Iy»  while  111  alLohol  ii  is  as  8  or  9  lo  1  *.  Sauasure  lias 
more  btely  endeavoured  to  determine  the  constitution  of 
ether,  from  its  decomposition,  by  passing  it  throtigh  an 
ignited  tube,  and  front  its  detonation  with  oxygen^  and 
from  thesCi  and  particularly  from  the  results  of  the  latter 
mode  which  he  regards  as  more  accurate  than  the  otber» 
he  infers  that  ether  contains  more  carbon  and  hydrogen, 
but  leu  oxygen,  than  alkohol  does.  The  proportions  are 
caibon  £9,  oxygen  19,  hydrogen  22  f. 

It  remains  to  talcc  notice  of  the  properties  of  Sulphuric 
Ether. 

When  highly  Tcctilied,  it  is  the  lightest  of  all  Lnown  li- 
quids. It  it  obtained  without  difTiculty  of  the  specific  gra- 
vity of  .732,  and  by  careful  distillation  has  been  brought 
M  low  IS  .716.  It  is  coloutless  and  perfectly  transpar»ii; 
hu  a  ttroiig  pungent  taste,  and  a  fragrant  penetrating 
smell. 

It  is  likewise  the  moat  volatile  liquid.  It  evaporates  ra- 
p»dly  even  at  the  common  temperature,  and  under  the  com- 
mon pressure  of  the  atmosphere ;  so  that  it  cannot  be 
poured  from  one  vessel  into  another  without  loss,  and 
any  part  wet  with  it  immediately  becomes  dry.  In  vacua 
it  bulls  at  a  temperature  considerably  below  H" :  under 
the  atmospheric  pressure  it  boils  at  98.  In  the  sponta- 
neous evaporation  of  ether,  a  large  <iuaniity  of  caloric  is 
absorbed,  so  as  to  produce  cold  -.  water  inclosed  in  a  small 
inbe  may  be  easily  frozen,  by  ether  eraporating  from  a 
piece  of  muslin  wrapt  round  the  external  surface  of  the 
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tube ;  and  Dr  Higgins  has  obserrcd,  that  in  the  rapid  e- 
v&pontion  of  ether,  the  temperature  in  frosty  weather  falli 
so  low  ae  — 40.     Ether  congeals  at  —47. 

From  this  volatility  of  ether  it  almost  immediately  en- 
larges the  volume  of  any  elastic  fiuid  into  which  it  is  dropti 
the  volume  at  a  common  natural  temperature  being  dou- 
bled according' to  (he  obserration  of  Priestley,  who  alio 
observed,  that  the  etherial  vapour  in  this  case  could  not  be 
condensed  by  cold,  but  was  absorbed  by  water. 

Ether  is  highly  inflammable,  and,  when  kindled,  bums 
with  a  clear  white  flame,  without  any  smoke,  and  without 
leaving  any  residuum,  (he  products  of  its  combustion  be- 
ing water  and  carbonic  acid  :  the  residual  water  generat- 
]y  gives  indications,  too,  of  sulphuric  acid,  which  may  e- 
ther  be  adventitious,  or  perhaps  ts  essential  to  the  consti- 
tution of  this  species  of  ether.  From  its  high  inflamma- 
bility, its  vapour  diffused  in  the  atmosphere  sometimes 
takes  fire  ;  or  if  a  drop  or  two  of  ether  be  added  to  atmo- 
Bpheric  air  or  oxygen  gas,  an  explosion  happens,  on  the 
contact  of  an  ignited  body.  Mr  Cruickshank  found,  ih^t 
by  agitating  a  little  oxygen  gas  with  sulphuric  ether,  ifw 
volume  was  exactly  doubled  :  in  this  slate,  it  did  n 
plode ;  but  when  one  part  of  it  was  added  to  three  parts 
of  oxygen,  "  an  ignited  body,  or  the  electric  spark,  ihw 
produces  a  dreadful  explosion*."  It  is  also  kindled  &• 
hyper-oxymuriatic  acid  gas. 

Sulphuric  ether  is  soluble  in  water,  but  only  in  a  liffl"- 
ed  proportion  ;  the  water  taking  up  about  a  tenth  pf" 
highly  rectified  eiher.     When  the  proportion  of  ethff"' 
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ceeds,  it  holds  on  the  other  hand  a  little  water  dissolved. 
Ether  is  soluble  in  alkohol  in  every  proportion. 

Sulphuric  ether  exerts  no  sensible  action  on  the  fixed 
alkalis  or  earths.     It  unites  with  ammonia  by  dbtillation. 

Neither  does  it  act  on  the  metals ;  but  it  is  capable  of 
decomposing  the  saline  combinations  of  those  that  ha?e 
a  weak  affinity  to  oxygen,  by  attracting  that  principle. 
Thus,  muriate  of  gold  dissolred  in  it  is  gradually  decom<o 
posed,  and  the  gold  precipitated  in  its  metallic  form. 

On  the. simple  inflammables,  its  action  is  somewhat  si- 
mifaur  to  that  of  alkohol.  It  dissolves  sulphur,  as  Favre 
has  shown,  one  ounce  of  ether  dissolving  about  twenty- 
five  grains :  the  solution  has  a  strong  sulphurous  smell 
and  taste :  it  is  less  soluble  in  water  than  pure  ether,  and 
deposites  sulphur  as  the  ether  volatilizes  *.  Ether  likewise 
dissolves  a  small  proportion  of  phosphorus  :  this  solution, 
Kke  the  phosphuretted  alkohol,  is  decomposed  by  water, 
bnt  does  not,  like  it,  appear  luminous  during  the  decom- 
position. 

SuJphnric  ether  is  a  solvent  of  many  of  the  vegetable 
proximate  principles,  as  the  essential  oils,  camphor  and 
letins.  It  is  also,  as  has  already  been  remarked,  the  most 
powerful  solvent  of  caoutchouc* 

In  medicine,  it  is  employed  as  a  diffusible  stimulant. 

Nitric  Ether.  The  action  of  nitric  acid  on  alkohol 
is  so  riolent,  that  the  formation  of  nitric  ether  is  difficult, 
and  requires  considerable  precaution.  One  part  of  the 
acid  may  be  added  gradually  to  three  parts  of  alkohol  with- 
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out  any  risk  ;  and  afier  standing  for  some  days,  to  allow 
of  their  reciprocal  action,  heat  may  be  applied,  wlieti  i 
.portion  of  nitric  ether  that  has  been  formed  distils  over, 
with  a  quantity  of  uncliangeti  alkohol.  A  preparation  of 
this  kind  has  htcn  long  known  in  pharmacy,  under  the 
name  of  Sweet  Spirit  of  Nitre.  Dut  when  the  proportion 
of  acid  h  increased,  the  action  becomes  violent ;  a  quan- 
■tity  of  aeriji  fluid  is  formed,  and  disengaged  at  each  ad- 
dition ;  ami  it  T»quires  pariiculat  urrmgements  to  xlmiC 
of  so  much  acid  bein^  added  as  is  sufficient  to  convert  the 
whole  of  the  alkohol  into  ether. 

The  method  proptised  by  Navicr  is,  to  put  into  a  strot^ 
eaithcn-ware  batile  twelve  parts  of  alkohol,  and  inimer»r 
it  in  witet  or  ice ;  eight  parts  of  nitrous  acid  ar*  to  be 
addeil  in  succcssii'e  portions,  mixing  ihem  by  agitation  at 
%9eh  addition ;  the  bottle  is  well  corked,  and  tiffd  over, 
and  is  put  in  a  conl  place.  At  the  end  of  sin  days,  t^ie 
c.irk  is  to  be  perforated,  to  allow  a  qnanuty  of  ai;rial  fluid 
liiiit  has  been  formed,  and  is  rcinincd  by  compression,  'o 
escape.  The  bottli;  is  then  uncorked,  the  liquid  poureA 
into  a  funnel,  and  ihe  aciii  liqiinr  bencjth  allowed  lora-vi 
off  from  liie  eiher  wliicii  swims  above. 

An  ingi'nitjus  method,  similar,  but  less  hazardous,  *^ —  ' 
enipioyed  Ly  Dr  Black,  lie  poured  into  a  strong  fi'  ■^■■ 
j;lass  bottle  sJK  ounces  of  alkohol  ;  ilien,  by  a  funnel,  '^' 
lube  of  whicli  reached  to  the  boilom  of  the  bottle,  he  p<^  * 
td  in  two  ounces  of  water  geiiily,  so  that  it  did  nol  *^' 
with  the  alkchrl,  but  taiseil  It  above  it  j  and,  lastly*  ' 
poureil  in  four  ounces  of  nitrous  aciil  in  the  same  mjn*^' 
so  that  the  sm.di  column  of  watf-r  was  inierpnsod  lu'i  vt^-"" 
it  and  the  alkohol.    The  phi.il  \v,!s  het  aVidc  for  so;rr  :  ■■'■ 
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in  a  cool  place :  the  water  attracted  the  alkohol  at  the  one 
surface,  the  acid  at  the  other,  and  thus  brought  them  gra- 
dually  together,  so  as  to  admit  of  their  reciprocal  action 
without  violence.  At  the  end  of  a  few  months  nitric 
etlier  was  formed,' and  floated  above  the  liquor.  It  is 
withdrawn  and  rectified  by  distillation. 

Various  other  methods  have  been  employed.   The  pro- 
cess of  Woulfe  consists  in  connecting  a  high-necked  tu- 
bulated retort  or  matrass  with  a  large  globular  receiver, 
which  is  connected  by  a  tube  with  a  range  of  tubulated 
bottles,  in  which  water  or  alkohol  is  put ;  eight  ounces  of 
alkohol  are  poured  into  the  retort,  and  six  ounces  of  ni- 
trous  acid  are  added  in  successive  portions.     At  each  ad- 
dition,  after  a  certain  quantity  of  the  acid  has  been  added, 
there  is  a  disengagement  of  gas.    At  the  end  of  the  oper- 
ation a  quantity  of  nitric  ether  is  found  to  have  been  form- 
ed and  volatilized  by  the  heat  produced  by  the  mutual  ac- 
tion of  the  acid  and  alkohol :  it  is  collected  in  the  globular 
receiver,  or  in  a  bottle  connected  with  it,  is  removed,  and 
may  be  rectified  by  mixing  it  with  water,  and  afterwards 
distilling  it.     The  alkohol  in  the  receivers  contains  a  por- 
tion of  it  also,  and  may  be  employed  in  a  repetition  of  th^ 
process ;  and  the  residual  liquor  in  the  retort  contains  al- 
so alkohol  impregnated  with  ether.     Wotflfe  afterwards 
modified  his  process,  by  using  alkohol,  nitre  and  sulphuric 
acid,  four  pounds  of  nitre  being  put  into  the  retort,  and  a 
mixture  of  4  lbs.  of  sulphuric  acid,  and  3  lbs.  5  ounces  of 
alkohol  being  added  to  it,  in  quantities  not  exceeding  two 
ounces  at  a  time,  and  only  after  the  disengagement  of  elas- 
tic fluid  from  the  previous  addition  has  ceased.     Pelletier 
has  observed,  that  after  repeating  all  the  processes  knowa 
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to  him  for  the  preparaiion  of  nitric  ether,  he  fisund  this 
to  succeed  best ;  nor  could  he  discover  in  the  product  of 
k  the  most  minute  portion  of  sulphuric  acid  •.  Thenard 
has  employed  a  process  similar  to  the  original  one  of 
Woolfe,  mixing  alkohol  and  nitric  acid  in  a  retort  connect- 
ed with  a  range  of  bottles,  and  passing  the  gaseous  pro- 
duct through  a  saturated  soluiion  of  muriate  of  sod^ 
placed  ill  the  bottleS)  and  kept  cool  bj  a  mixture  of  ice 
and  salt.  He  thuB  condenses  much  of  the  nitric  ether 
which  in  other  modes  of  conducting  the  process  was  al- 
luwed  to  escape,  ant^  has  therefore  obtained  it  more  pure. 
It  Boats  above  the  saline  solution,  is  withdrawn,  and  freed 
from  a  portion  of  free  acid  by  agitation  with  lime. 

The  theory  of  the  formation  of  nitric  ether  is  as  ob- 
scure as  that  of  sulphuric  ether.  It  is  ascertained,  how- 
tttiff  that  BTeo  from  the  commencement  of  the  pnceu  the 
acid  is  decomposed;  nitric  oxide  gas  is  disenpsged  -,  and 
Pelletier  found  that  in  following  the  process  of  Woolfe, 
■  the  decomposition  was  complete,  nitric  acid  not  being 
discoverable,  either  in  the  liquor  which  passed  over,  or  in 
the  residuum.  This  appears,  loo,  clearly  from  some 
experiments  by  Biiyen.  He  ascertained  what  quantity  of 
carbonate  of  potassa  was  necessary  to  saturate  a  ccnjiti 
quaniity  of  nitric  acid;  one  ounce  requiicd  28^  grains. 
He  digested  one  part  of  acid  with  two  of  alkohol,  for  five 
weeks,  and  at  the  end  of  this  time  he  found  the  liquor 
was  not  capable  of  saturating  half  the  quantity,  that  the 
acid  previous  to  its  mixture  would  have  done ;  three 
ounces  of  it  containing  one  ounce  of  acid,  saturating  only 
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1 S4  grains  of  the  carbonate,  so  that  even  without  the  ap- 
plication of  heat,  much  of  the  acid  had  been  decomposed. 
He  repeated  the  experiment,  applying  heat,  and  after  dis- 
tillation mixed  the  product  and  residual  liquor  together^ 
and  found  that  three  ounces  of  it  saturated  only  32  grains. 
And  as  a  (juantity  of  oxalic  acid  is  formed  in  the  process; 
it  is  probable  that  it  principally  had  produced  this  effect ; 
so  that  nearly  the  whole  of  the  nitric  acid  had  suffered 
decomposition  *•  It  is  also  proved,  that  in  the  formation 
of  nitric  ether,  the  alkobol  sufi^rs  decomposition,  as  in 
the  re»dual  liquor  oxalic  and  acetic  acids  are  formed. 
There  is  no  deposition,- however,  of  carbonaceous  mat- 
ter, as  there  is  in  the  formation  of  sulphuric  ether,  the  re- 
sidual liquor  being  transparent,  and  of  a  light  colour. 

The  theory  of  the  formation  of  nitric  ether  has  been  mor^ 
lately  investigated  by  Thenard,  in  his  experimental  re- 
searches on  the  different  ethers  f.  la  its  formation  a  very 
large  quantity  of  elastic  fluid  is  disengaged  ;  this  has  an 
etherial  smell ;  it  is  combustible  j  it  becomes  slightly  red 
when  mixed  with  oxygen  gas  ^  it  precipitates  but  very 
slightly*  lime  water  or  barytic  WSiter ;  it  reddens  strongly 
infusion  of  litmus  ;  and  dissolves  rapidly,  and  almost  en- 
tirely in  water,  leaving  only  a  small  residuum  of  nitrogen 
and  nitric  oxide.  When  passed  through  a  series  of  bot- 
tles cooled  by  a  mixture  of  ice  and  muri^^te  of  lime,  it  di- 
xninishes  greatly  in  volume,  and  deposites  a  considerable 
quantity  of  ether.  When  examined  after  this,  it  burns  not 


*  Opuscles  Chimique,  toro.  i.  p.  384. 
f    r  Memoires  de  la  Sociite  d'Arcueil,  torn.  i. 
(.  Nicholson's  Journal,  yoL  xviii. 
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slowly  as  before,  but  the  combustion  extends  q^uiSij 
ilirougli  ilie  whole  mass  i  when  agitated  after  combat- 
lion  with  water,  a  quantity  of  it  is  absorbed,  and  the  «• 
maining  quantity  is  foun4  capable  of  supporting  combw 
tion.  From  these  qualities  Thenard  infers,  that  tbisebt* 
tic  fluid  consists  of  a  little  nitrogen,  nitric  oxide,  and  at- 
bonic  acid  gases ;  of  larger  proportions  of  ether,  and  nv 
trous  oxide  gas  }  and  of  a  quantity  of  acid  whidi  xbm 
gases  hold  dissolved.  This  acid,  by  farther  inveatigalioDi 
he  found  lo  be  partly  nitrous,  partly  acetic,  but  so  intiroait* 
ly  combined  with  the  ether,  as  not  to  be  easily  sepantfd 
from  ii,  even  by  the  aciion  of  alkalis.  He  discovered  thtO 
only  by  dissolving  the  gas  in  alkohol,  and  agitating  the 
■oluliou  with  linie,  and  by  the  same  process  obtained  nk* 
trie  ether  pure. 

The  nitric  ether  itself,  which  is  obtained  during  ibe 
distillation  in  the  liquid  stale,  according  to  the  process  al* 
ready  described  as  followed  by  this  chemist,  is  always  3- 
cid.  The  acid  consiiting  likewise  partly  of  nitric,  pardy 
of  acetic  acid,  can  be  abstracted  from  it  by  agitation  wiih 
lime ;  but  what  is  singular,  after  this  has  been  done,  so 
that  the  ether  does  not  redden  litmus,  it  recovers  aciditt 
either  on  distilling  it,  or  on  merely  keeping  it  for  some 
time  either  wirh  the  access  or  the  exclusion  of  the  air. 
This  Then-rd  found  to  be  owing  to  the  production  both 
of  nitrous  and  acetic  acids  ;  a  proof  that  their  elemem: 
enter  into  the  composition  of  the  ether  even  in  its'purt- 

P-y  analysing  nitric  ether,  which  had  been  agitated  wiiti 
lim.-,  and  whith  was  thcrtfore  not  sensibly  acid,  by  pai^ 
i;ig  il  through  an  igniiid  porcelain  tube,  Thenard  obiii;!- 
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ed  a  liquid;  which  appeared  to  be  water  with  a  little 
fMTUSsic  acid,  carbonic  acid,  a  small  quantity  of  black  car.- 
bonaceous  matter,  and  a  large  quantity  of  elastic  fluid : 
this,  it  was  not  easy  to  resolve  into  any  mixture  of  known 
gases,  but  by  analysis  it  was  found  to  consist  of  nitrogen, 
carbon,  oxygen,  and  hydrogen.  From  the  known  com* 
position  of  the  whole  products  of  the'decomposition,  The- 
nard  infers,  that  100  parts  of  nitric  ether  consist  of  16.41 
of  nitrogen,  S9.27  of  carbon,  S4>.73  of  oxygen,  and  9.59 
of  hydrogen  *•  The  residual  liquid  in  the  distillation  of 
the  nitric  acid  and  alkohol,  contains,  he  found,  nitric  a- 
cid,  alkohol,  a  little  acetic  acid,  a  matter  disposed  to  pass 
very  readily  to  the  state  of  charcoal,  and  a  considerable 
qoantity  of  water. 

From  a  comparison  of  all  these  facts,  Thenard  gives  th^ 
following  theory  of  the  formarion  of  nitric  ether.  The 
oxygen  of  the  nitric  acid  he  supposes  combines  with  a 

m 

large  proportion  of  the  hydrogen,  and  a  small  quantity  of 
the  carbon  of  the  alkohol,  whence  result,  1  //,  Much  water 
and  nitrous  oxide,  and  small  quantities  of  carbonic  acid, 
nitrous  acid,  and  nitric  oxide  ;  2^^,  The  separation  of  a 
small  quantity  of  nitrogen,  and  the  formarion  of  much 
nitric  ether  by  the  combination  in  large  quantity  of  the 
two  elements  of  the  nitric  acid,  with  the  alkohol  from 
irhich  the  large  proportion  of  hydrogen  and  small  pro- 
portion of  carbon  have  been  abstracted  ;  Srf//,  '^The  for- 
■nation  of  acetic  acid  and  of  a  matter  disposed  to  pass  to  . 


^  These  proportions  he  has  altered  in  a  subsequent  memoir, 
from  farther  investigations.  He  states  them  at  H.IO  of  nitro- 
^n,  28.65  ©f  carbon,  IS  5*2  of  oxygen,  and  8.54  of  hy- 
drogen. 
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tlic  state  of  charcoal,  by  the  combination,  in  ceitan 
ptoportions,  of  the  hydrogen  and  cmbon  of  ihe  alkohgl 
with  the  oxygen  of  the  nitric  acid. 

Nitric  ether  has  gome  resemblance  in  its  properties  to 

' '  nlphuric  ether.  Like  it,  ii  is  light  and  Tolatile,  and  when 
pure,  has  these  quaHties  even  in  a  higher  degree  than  sul- 
phuric eiher.  It  is  inflammable,  soluble  in  water  and  in 
alkohol.  lis  odour  is  strong,  though  scarcely  so  agreeable 
as  that  of  sulphuric  ether  ;  in  the  slate,  however,  of  what 

.  has  been  named  Dulcified  Spirit  of  Nitre,  it  is  mote  frag- 
rant. Its  colour  is  usually  yellow ;  but  this,  as  well,  pnv 
bably,  as  some  of  its  other  qualities,  appears  to  be  owing 
to  the  presence  of  nitric  acid,  surcharged,  perhaps,  with 
ritric  oxide.  Thus,  when  kept,  it  continues  to  emit  in 
elastic  fluid,  and  tinges  the  cork  of  the  phial  yellow  or 
red;  and  Diyeux  found,  that  when  one  part  of  it  is  mil- 
ed  with  sixteen  parts  of  water  in  a  bottle  with  atube,  the 
nitric  oxide  gas  which  it  contains  is  separated  from  it  by  i 
spontaneous  effervescence  :  after  this  it  ceases  to  emit 
gas  on  keeping. 

Thcnard  having  obtained  it  free  from  acid,  and  in  t 
more  concentr.ited  state  than  that  in  which  it  had  been 
formerly  procured,  wns  better  enabled  to  ascertain  its  pro- 
perties. He  found  it  to  be  so  volatile  that  it  instinilf 
evaporated  when  poured  out ;  bubbles  of  vapour  rose  from 
the  mass  of  liquid,  when  the  bottle  containing  it  wuhtld 
in  the  hand  ;  and  it  boiled  at  the  temperature  of  70°  uniet 
a  medium  atmospheric  pleasure  ;  its  odonr  is  extrcmd/ 
strong  and  penetr.iting;  it  is  lij;htcr  than  water,  en  Af 
surface  of  which  it  floats  like  oil ;  it  refjiiires  about  50  p^' 
of  water  to  dis;;olve  it,  but  conihinfs  witli  alkobol  in  fi-7 
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proportion.     It  inflames  easily,  and  burns  whh  a  white 
flame.  ' 

When  equal  parts  of  nitric  acid  and  alkohol  are  mixed 
together^  a  strong  eflPervescence  takes  place,  and  a  gas  is 
disengaged,  which  is  slowly  absorbed  fay  water,  explodes 
when  mixed  with  oxygen  and  kindled,  and  is  decomposed 
by  sulphuric,  nitric,  and  muriatic  acids,  which  disengage 
from  it  nitric  oxide  gas.  It  has  been  named  Nitrous  £- 
therized  Gas  by  the  Dutch  chemists,  who  first  toqk  notice 
^f  it,  and  was  regarded  by  them  as  a  compound  of  nitric 
ether  and  nitric  oxide  gas.  Thenard  regards  it,  as  has  been 
already  stated,  as  a  mixture  of  elastic  fluids ;  and  supposes 
that  the  greater  part  of  the  nitric  oxide  it  affords  when  de- 
composedy  arises  from  the  decomposition  of  the  nitric 
ether  it  contains. 

MuKiATic  Ether.  Chemists  found  it  Impracticable 
to  form  an  ether  by  the  action  of  muriatic  acid  on  alkohol^ 
in  whatever  state  of  concentration  they  used  it.  By  using, 
however,  the  acid  in  a  state  of  combination  with  metallic 
oxides,  they  succeeded  more  or  less  completely  in  form- 
ing a  species  of  muriatic  ether,  as  by  the  medium  of  the 
muriate  of  antimony,  tin,  or  zinc,-  distilled  with  alkohol. 
After  the  discovery  of  oxymuriatic  acid,  Scheele  availed 
himself  of  it  to  attempt  the  formation  of  muriatic  ether, 
by  distilling  muriatic  acid  from  black  oxide  of  manganese, 
receiving  the  gas  in  alkohol,  and  afterwards  rectifying  this 
liquid  by  distillation  with  a  very  gentle  heat. 

The  success  of  this  process,  however,  Scheele  found  to 
be  imperfect ;  and  the  product  approached  rather  to  an  oil 
an  appearance  than  a  light  ether.     And  Berthollet  found, 


I  that  thougli,  hy  passing  a  current  of  Dxymuriaiic  acid  gu 
through  alkoliol,  it  was  absorbed  and  passi^d  ta  the  ttatt 
of  muriatic  acid,  while  the  slkohol  acquired  an  odout  l>( 
eilier,  which  became  stronger  on  a  repetition  of  the  pn> 
cess;  yet,  on  repeating  it  a  third  and  fourth  lime,  this  o- 
dour  diminiBhed,  and  at  length  wiis  nearly  eitiircW  lou, 

[■  tlie  liquor  having  rather  the  smell  of  vinegar;  and  ondit* 
tilling  it,  after  a  small  quantity  of  eihcrial  liquor  paued 
over,  thiTC  was  obtained  only  a  watery  liquor,  v^hich  had 
the  odour  of  burnt  sugar-,  the  residuum  had  the  nine 
odour,  and  oven  the  taste  of  Ihis  substance  very  s 
and  coni:iiiiC(l  a  quantity  of  acetic  acid  ". 

Scheele  had  aUo  distilled  muiiare  of  soda,  blacV 
of  manganese,  sulphuric  acid,  and  alkohol,  to  prodgct 
muriatic  eih  t  ;  and  a  similar  process  was  afterwards  em. 
ployed  by  Pclletier  f  ;  but  the  success  of  it  does  imt  ap- 
pear to  have  been  greater.  Pelleticr  had  observed,  that  in 
adding  an  alkali  to  the  ethcrial  liquor  obtained  by  his  pro- 
cess, an  effervescence  takes  place,  and  an  oily  mailer  se- 
parates in  large  quantity,  which  floats  on  the  residual  li- 
quor. According  to  Van  Mons,  this  oil  is  produced  by 
the  action  of  the  oxymuriatic  acid  on  the  muriatic  ether; 
and  from  this  circumstance,  it  is  scarcely  possible,  he  af- 
firms, by  the  process  of  Scheele  and  Pclletier,  to  obtain 
that  ether  in  any  quantity.  It  at  first  floats  on  the  surface 
of  the  water  i  but,  if  not  soon  sep.irated,  or  when  sub- 
mitted to  rectification,  it  is  converted  into  this  oil,  wbicb 
■jr.ulu.illy  becomes  thick,  from  the  continued  action  of  tht 

•  Memojres  de  I'Acad.  di-s  yticncps  ITSj,  p.  309- 
t  MOmoiica  de  Cl.imic,  lorn.  i.  p.  l4'J. 
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And  when  ether  appeari  to  have  been  formed  bjr 
ihe  process  of  PelleiieT)  he  supposes  that  it  has  been  sul- 
phuric ether,  disguised  by  intermiziure  of  the  other  pro- 
docts.  He  therefore  proposed  the  fcdlowing  process  to 
form  tnurtaiii:  ether  :  Place  a  retort  in  a  saiid-bath,  and 
coniiect  it  with  a  gl^ss  balloon,  and  two  of  Woolfe's  bot- 
tle* :  put  into  the  retort  1 00  parts  of  muriate  of  soda  per- 
fectly dry,  and  into  the  balloon  and  bottles  the  same  quan- 
tity of  aJkuhoI.  The  joinings  being  luted,  50  p.-irtsof  sul- 
phuric acid  are  to  be  poured  on  the  salt,  and  the  operation 
t«  left  to  proceed  in  the  cold  for  fiveor  six  hours.  A  mo- 
derate heat  is  then  to  be  gradually  applied.  The  mnriatic 
acid  gas  pastes  over,  and  is  condensed  by  the  alkohol. 
The  whole  of  this  liquor  is  put  into  a  retort,  with  20  parts 
of  oxide  of  manganese  in  line  powder ;  and  there  is  put 
into  the  receiver  and  bottles  a  solution  of  pure  potassa.  It 
i«  distilled  with  a  gentle  heat ;  ilie  muriatic  eiher  passes 
OTCT,  anil  the  re-action  of  any  excess  of  oxymunatic  acid 
gat  upon  it,  which  would  change  it  to  oil,  is  prevented  by 
ihc  alkali.  The  ether  is  rectified,  by  mixing  it  with  imce 
S»  bulk  of  water,  and  distilling  it  by  a  gentle  heat  *. 

Mt  boss  likewise  observed,  that,  by  the  usual  procen 
'^th  oxymuriaiic  acid,  a  muriatic  eclier  could  never  bv  for- 
vsed,  but  only  a  heavy  oily  fluid  :  And  he  affirmed,  what 
*^v  appears  to  be  the  case,  that  it  may  be  formed  from 
Qiunatic  acid.  His  process  is  to  pass  a  current  of  muria- 
^c  acid  gas  from  iO  ounces  of  perfectly  dry  muriate  of 
and  10  ounces  of  sulphuric  acid,  gradually  mixed, 
a  retof  t,  through  1 0  oonces  of  highly  rectified  alkohol> 
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placed  m  a  bottle  wllh  two  neckB,  kept  cool.  The  atko- 
Iiol  tfauB  charged  with  acid  U  distilled  to  one  half;  the  lUs* 
tilled  liquor  iii  To  be  agilaied  with  an  alkaline  solution,  to 
remove  any  superfluous  acid  :  and  the  liquid  which  AoMs 
above  is  the  muriatic  ether  '. 

This  subject  has  been  moc*  lately  investigated  byTbc- 
nard,  and  with  more  success  f.  He  haE  proved,  that  a 
muriaiic  ether  can  be  formAl,  and  this  from  the  action  of 
muriatic  acid  alone  on  atkohol  t  and  he  has  pointed  0B[ 
the  causes  of  the  want  of  success  in  the  attempts  hitheru 
mule.  When  the  muriatic  add  »nd  the  alkobol  are  pr»> 
sented  to  each  other  in  the  elastic  form,  iWir  ehitti(jl)Ffl 
is  an  obstacle  to  their  mutual  intimate  action.  When  ibtf 
are  mixed  together  in  the  liquid  statC)  if  a  strong  beat  is 
applied  to  promote  their  reciprocal  action,  the  mrefjction 
which  they  suffer  opposes  the  new  combinations  that 
would  otherwise  be  established  ;  and,  on  the  contrary,  if 
only  a  low  degree  of  heat  is  applied,  they  remain  miied 
without  forming  etiier.  It  is  only  by  preserving  a  due 
medium  between  these  that  the  operation  succeeds.  Last- 
ly, the  proper  muriatic  ether  exists,  except  at  low  tempe- 
ratures, in  the  gaseous  state  ;  nnd  hence,  even  when  it 
was  produced  in  former  processes,  the  greater  pan  of  it 
was  lost,  without  the  loss  being  perceived.  The  following 
is  the  process  .tml  mode  of  operation  which  Thenard  gives. 

There  are  put  into  a  retort,  of  a  capacity  not  greater 
than  what  holds  tlie  mixture  in  the  body  of  it,  equal  parts 

•   Niclii>lw)ii'»  Journal,  vol.  v.  p.  221. 
■j-  Minioirts  de  la  Socii'tC- d'Arcutil,  torn.  i.     Nidiotson's 
Journal,  vol.  xviii. 
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hf  measure  of  muriatic  acid  and  alkohol,  each  in  the  high- 
est possible  slate  of  concentration  :  they  are  to  be  well 
mixed  by  agitation,  and  a  few  grains  of  sand  are  to  be 
put  ini  to  prevent  the  sudden  ebullitions  that  might  bap- 
pen  in  the  course  of  the  process.  The  retort  is  to  be  ex- 
posed to  the  naked  tire  of  a  common  furnace,  supported 
oa  a  grate  of  iion  wire,  there  being  adapted  to  it  a  Wel- 
ther's  tube  of  safety,  terminating  in  a  three-necked  bottle, 
■he  capacity  of  which  ii  double  that  of  the  retoR,  and 
which  i«  half  filled  with  water.  The  safety  tube  is  to  be 
imoieiscd  in  the  water  2  j  or  3  inches  -,  a  straight  tube  is 
iiuerted  in  the  middle  orifice  of  the  bottle,  and  a  curved 
ttibe  proceeds  from  the  other,  which  terminates  under  an 
inverted  phial  filled  with  water.  The  heat  is  to  applied 
ID  the  retort  gradually,  and  in  SO  minutes  the  liquor  is 
bnMtght  to  boil.  Muriatic  ether  gas  is  now  abundantly 
fonned  ;  and  there  escape,  at  the  same  lime,  acid,  alko- 
hol, and  water,  which  remain  in  the  first  bottle.  If  the 
ptoduction  of  gas  cease,  more  may  be  obtaioed  by  adding 
Gmh  ailwhol.  The  whole  success  of  the  operation  de- 
peiidi  nearly  on  the  due  regulation  of  the  lieai,  as,  if  it 
H  either  too  high,  or  too  low,  little  ether  is  formed. 

Muriatic  ether,  thus  obtained  in  the  state  of  gas,  is  co- 
.hnlew  ;  its  odour  is  strongly  eihetial,  and  its  taste  »en- 
jiUy  Mccharine.  It  produces  no  change  on  infusion  of 
titaius,  ayrup  of  violets,  or  lime  water.  Its  specilic  gia- 
Vtly,  compared  with  that  of  atmospheric  air,  is  2.211J,  un- 
a  mean  pressure,  and  at  G'i"  of  Fahrenheit.  Under 
Hore  and  teropeiature,  water  xiisgolves  its  own  vo- 
Under  the  same  pressure,  but  at  a  tcmpera- 
50,  the  gas  becomes  liquid,  and  is  obtained  in  that 
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State  in  tlie  process  for  forming  it,  by  causing  it  to  {ntf 
ihrough  long  narrow  vessels,  dry,  and  surrounded  witii 
ice- 

I  Liquid  muriatic  etlier  i»  highly  11m[ii(l ;  it  is  coloutleSC, 
has  no  action  on  litmus  infusion,  or  syrup  of  vialets;  it* 
odour  is  strong,  and  its  taste  very  similar  to  that  of  u> 
gar.  Poured  on  the  hand,  it  passes  into  ebullitimi,  pro- 
ducing a  considerable  degree  of  cold.  Its  specific  gravi- 
ty is  to  that  of  water,  at  the  temperature  of  39"  of  Fah- 
renheit, as  87*  to  1000;  it  presents  therefore  the  singi)- 
larity,  that,  though  much  more  volatile  than  alkoho),  or 
even  than  sulphuric  ether,  it  is  heavier  than  either.  It 
docs  not  congeal  at  a  temperature  of  —22''  of  F.ihm- 
heit. 

Some  very  singular  facts  are  presented  in  the  chemical 
constitution  of  this  ether,  No  muriatic  acid  can  bcde- 
tectcd  in  it  ;  it  does  not  redden  litmus  ■,  the  alkalis  har- 
no  action  on  it  ;  unA  the  solution  of  silver  is  not  render- 
ed turbid  by  it.  But  when  it  is  kindled,  such  a  quantity 
of  muriatic  acid  is  produced  or  set  free,  as  to  be  apparetii 
by  its  funifs  and  su/Tocating  odour,  and  to  precipitate  a 
Strong  solution  t>f  nitrate  of  silver  in  a  solid  mass. 

Then^rd  found,  however,  in  subsequent  researches, 
that  though  muriatic  acid  is  not  immedijrcly  discovered 
in  this  ether  by  the  above  tests,  yet,  if  time  be  allowed, 
it  appears.  The  alkalis,  or  the  nitrate  of  silver,  after 
some  days  miNture  with  it,  are  found  to  have  attracted  i 
small  portion  of  the  acid,  and  still  more  after  an  inteml 
of  two  or  three  months  ;  though  even  at  the  end  of  th-: 
period  the  quantity  indicated  is  very  inconsiderable.  Th* 
acids  in  the  cold  produce  no  change  in  this  ether;  but  if. 
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in  the  state  of  gasi  it  be  passed  through  sulphuric  or  nit- 
ric acid,  nearly  at  a  boiling  heat,  it  is  decoraposedi  and 
much  muriatic  acid  is  set  free.  Even  at  a  low  Cempera- 
ture,  oxymuriatic  acid  decomposes  it,  and  separates  mu- 
riatic acid. 

From  the  quantity  of  acid  which  disappeared  in  the 
formation  of  a  given  quantity  of  muriatic  ether,  Thenard 
endeavoured  to  determine  what  proportion  of  this  acid, 
either  fully  formed,  or  in  the  state  H)f  its  elements,  exist 
in  it }  and  he  found  it  to  be  nearly  S9  in  100  parts  by 
weight.  He  also  endeavoured  to  determine  the  propor- 
tions of  the  other  elements  of  the  ether,*  from  the  pro- 
ducts of  its  combustion.  From  these  experiments  he  in- 
ferred, that  in  141.72  of  muriatic  ether  by  weight,  there 
are  present  41.72  muriatic  acid,  51.89  carbon,  33.03 
exygen,  and  15.08  hydrogen. 

The  theory  of  its  formation  it  is  not  easy  to  state  with 
precision.    There  is  no  precipitation,  during  the  process, 
of  carbonaceous  matter,  and  therefore  all,  or  at  least  by 
far  the  greater  part  of  the  carbon  of  the  alkohol  must  en- 
ter into  its  composition  ;  and  Thenard  found  it  difficult 
CO  determine,  whether  there  is  any  formation  of  water, 
since  the  quantity  of  water  in  the  residual  liquor  might  be 
the  quantity  contained  in  the  alkohol ;  and  of  course  it 
cannot  be  determined,  whether  all  the  hydrogen  and  oxy- 
gen  of  the  alkohol  enter  into  the  composition  of  this  ether. 
But   the  most  interesting  question  relates  to  the  state  of 
the  acid.      Does  it  exist  as  such  in  the  ether,  and  is  it 
merely  separated  from  combination  with  the  other  princi- 
ples^ in  the  combustion,  or  in  the  cases  of  decomposition, 
ill  wl.ich  portions  of  it  arc  obtained  ?  Or  do  the  elementi 
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rs%MHrfMbe;  »<  kafeuKd;  as  acalfa 
I       I,  rf  Ak  wi  wfckfc  ba  gone  to  i&t 

rf Ar ^pi«r rf ^ AcnwfQiail.  Itfeflevi, 
^2  ie  ■  Ht  Bodf  ifci  htm  of  the  m^  ifai 
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■nttUneaiu  cooiaciiaCiDa  vin 
■  «f  Ae  etfer,  or  wfaethrr  Aej  exin  in 
1^  •  liKnilf  ID  deOnnioe.  The  fonaa 
i  t^ids  IS  more  probable,  prioctpal- 
t  Au  if  dw  acid  be  uipposcd  n 
I  dbe  etber,  it  muft  be  coaclodal, 
*^*-  .-  'r-Tj^T  :— -rrb3?)!f,  that  alkoHol,  or  the  elemeni; 
cc~  1  t-'.V.i  >c:  ca  momcic  acid  with  much  more  eoergy 
jia3  eiir:  ±*  likilii  can,  since  these  decompose  it  inJ 
jnT-.ict  scvi  tTi.->m  it  so  slowly  and  partially ;  and  also  froo 
the  impF\;lMbiIitT  of  the  conclusion,  involved  in  the  snot 
"hjjKxheiis,  thit  nitiate  of  silver,  which  abstracts  munitic 
acid  from  ^  its  ctmbinations,  should  not  separate  it  from 
this  ether,  or  separate  a  small  part  only  after  a  long  time. 
On  the  supposition  that  the  elements  only  of  the  acid  an 
immediate  constituent  principles  of  the  ether,  these  im- 
probabilities are  avoided  ;  and  the  small  portion  of  idil 
found  to  be  after  some  time  attricted  by  the  alkalis,  U 
well  as  that  set  free  fay  the  other  acids  at  a  high  tenipei- 
■iiure,  may  on  this  hypothesis  be  supposed  to  be  repro- 

riipiurd  examined  the  processes  which  had  bee n  f-'r- 
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mrrly  employed  lo  farm  muriatic  ether,  paniculail^-tliose 
■n  which  the  oxygenized  metallic  muriates  ue  made  to 
ace  on  alkohol,  ot  in  which  the  oxyauriaiic  acid  itself  is 
employed.  With  the  former  substances,  particularly  with 
the  muTiaie  of  tio*  with  whkh  he  nude  the  eiperiroeni, 
ht  found)  that  only  a  small  quantity  of  ether  is  fortneJ. 
*tiM  distik,  arid  is  condensed  with  alkohoj,  and  a  portiott 
of  the  metallic  muriate.  It  is  forinedr  he  supposes,  by 
the  Ktion  of  llie  excess  of  acid  in  ttic  melatlLc  muriate. 
With  icg;ird  to  the  action  of  oxymuriatic  acid  on  alkohol, 
'riienatd  found,  that  no  ether  was  formed ;  there  was  on- 
ly the  production  of  (he  oily  like  matter  observed  by 
Scheele,  partly  pure,  sod  in  part  dissolved  by  alkoliol. 
The  production  of  this  is  accompanied  with  the  formation 
of  water  and  caibonlc  acid,  and  the  separation  of  a  little 
carbonaceoui  matter.  The  oily  matter  formed  in  this' 
proceM  h  white,  has  a  cool  penetrating  taHe,  and  a  very 
peculiar  odour,  not  etherial ;  it  is  heavier  than  water,  and 
more  tolublc ;  it  is  soluble  in  water  in  small  proportion, 
and  is  abundantly  soluble  in  alkohol. 

it  appean  from  these  researches)  that  mvriatic  ether 
had  not  been  before  known  to  clicmists,  and  that  what 
had  been  regarded  as  such  was  an  impure  product,  either 
a  misture  of  a  little  muriatic  ether  with  alkohol  and  acid, 
or  a  solution  more  or  less  pure  in  alkohol,  of  the  peculiar 
oil)'  subtiaiice  formed  by  the  action  of  oxymurlatic  acid  on 
alkohol.  Thenard  has  added,  however,  what  came  to  his 
knowlediie  after  his  memoir  bad  been  read, — that  Gehlen 
luil  formed  muriAiic  ether,  by  distilling  a  mixture  of  con- 
ceniTjtied  muriate  of  tin  and  alkoJiol-,  and  also  by  dis- 
tWtng  a  ffiinture  of  muri  jif  uf  sodj,  alkohol  and  stilphtirit 
Ff  I 


acid.    This  chemist  had  even  described  the  principal  pio- 
pcriita  of  muriatic  ether,  but  without  having  invesngued 

I  its  constitution. 
I  A  process  has  been  given  by  Boudet  for  the  preparstion 
ef  PHOsrHORic  Etkrr.  He  mixed  liquid  phosphoric  acid 
sf  a  thick  consistence  and  alkohol  in  equal  proportioitt, 
pt  a  lububted  retort  connected  with  a  receiver,  and  with 
an  Woolfe's  bottle  filled  two-thirds  with  lime-waier: 
Inat  was  applied,  so  as  to  cause  the  mixture  to  hoU;  i 
portion  of  unchanged  alkohol  6rst  diatilled  over ;  this  was 
(ucceedcd  by  a  liquor  having  an  ethcrial  odour,  mixed  a 
little  with  that  of  garlic :  it  reddened  slightly  the  synip 
of  violets:  when  rectified  by  distillation,  with  the  addi- 
tion of  carbonate  of  magnesia,  the  product  was  colourless, 
and  had  an  odour  similar  to  that  of  sulphuric  ether:  it 
was  volatile,  and  highly  inflammable,  its  combustio;i  not 
being  accompanied  with  any  smoke.  It  Soated  on  the 
surface  of  water,  bu',  by  agitation  with  it,  was  dissolved. 
It  dissolved  the  volatile  oils,  and  also  phosphorus.  lu 
specific  gravity  was  inferior  to  that  of  alkohol,  being  as 
9*  to  100,  After  its  production,  when  the  heat  was 
much  raised,  a  quantity  of  oily  matter  was  distilled  over, 
and  carburetied  hydrogen  was  disengaged.  The  residual 
hquor  was  of  a  dark  brown  colour,  and  contained  a  large 
quantity  of  phosphoric  acid  *. 

Another  process  has  since  been  described  by  Boulhy  f. 
It  consists  in  dropping,  by  means  of  an  apparatus  adapted 
to  the  purpose,  alkohol,  on  an  equal  weight  of  pure  phos- 

•   Annalei  dc  Ciiimle,  torn,  xl,  p.  I2:t. 

1  Nicholson's  ,'ounial,  8vo,  vol.  xviii.  p.  G3. 
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photic  acid  of  the  consistence  of  honey,  and  previously 
lieated  (o  3^6  of  Fahrenheit.  The  mixture  takes  place 
with  violence  and  ebullition,  and  assumes  a  black  colour. 
A  receiver  being  connected  with  the  retort,  which  is  kept 
cold  by  3  mixture  of  ice  and  s^t,  distillation  is  performed. 
Alkohol  passed  over,  with  a  considerable  quantity  of  aa 
etbcrial  iluid>  a  portion  of  water,  an  oily  like  Buid,  and  a 
liquid  of  an  extremely  firtid  smell,  which  reddened  litmus 
from  ihe  presence  of  acetic  acid.  The  two  first  products 
being  collected,  were  rectified  by  distillation  from  dried 
muriate  of  lime.  A  liquid  was  thus  procured,  which  iu 
unetl  and  taste  had  the  greatest  resemblance  to  sulphuric 
ether,  was  of  the  same  specific  gravity,  dissolved  in  8  or 
iO  parts  of  water,  evaponted  quickly,  boiled  at  100'',  and 
bunved  with  a  whitish  flame,  leaving  a  carbonaceous  le- 
Aidutun  without  any  trace  of  acid. 

Fldobic  Ether  has  been  said  :o  be  formed  by  put- 
ting iluate  of  lime,  prevlouslv  ignited  and  in  powder* 
into  a  retort,  with  equal  weights  of  alkohol  and  sulphuric 
acid,  aud  distilling  to  dryness.  The  product  of  this  distil- 
lation was  again  distilled  to  one  half,  and  a  portion  of  fluor- 
ic acid  abstracted  from  it  by  a  solution  of  potassa,  which, 
■t  the  »me  time,  precipitated  a  portion  of  silex,  so  as  to 
render  the  whole  gelaiinous.  This,  on  being  again  dis- 
tilled, aifoided  an  ether  of  the  specific  gravity  of  O-TZO, 
which  burnt  with  a  blue  flame,  and  had  a  bitter  taste.  It 
it  added,  that  ti  greatly  resembled  sulphuric  ether  j  and  it 
ii  not  improbable,  that  it  may  have  been  merely  this  ether 
Jis^tiiscd  ". 

*  Nicbolson'i  Journal,  vol.  viii.  p.  H% 


Acetic  Ether  has  been  known  for  a.  cenuderable 
tine  to  chemists,  Laungais  having  given  in  1759  the  fro- 
CMS  for  preparing  it,  by  distilling  alkohol,  with  (be  cot>- 
cenirated  acetic  acid  that  is  procured  by  the  decompotiiioii 
of  acetate  of  copper  by  htat.  Scheele,  and  some  checnisti 
jSnn,  that  it  cannot  be  formed  without  the  tacerveniion 
of  a  mineral  acid  \  but  Pelletier  has  observedi  thai  it  si 
procured  with  certainty,  by  distilling  alkobol  repeatedly 
frocn  the  acetic  acid.  The  alkobol  at  fiist  acquires  an 
etherial  odour,  but  is  miscible  with  water ;  by  reluming 
it  on  the  residual  liquor,  distilling  it,  and  repeating  this 
for  a  third  time,  this  becomes  stronger:  the  acid  contain- 
cd  in  ihe  liquor  thus  procured  is  saturated  by  the  addition 
of  carbonate  of  potaua ;  and,  by  distillation,  there  WM 
procured  from  it  a  pure  acetic  ether,  in  <]uaiiti(y  about 
half  of  ilie  ulkohol  employed  *.  Henry  has  more  latrly 
proved,  that  this  process  succeeds  perfectly  f,  and  Thenard 
h;is  obtained  by  it  an  acetic  Ether. 

According   lo  Pelletier,  acetic  acid  may  likewise  be 
formed  by  distillation,  from  a  mixture  of  sulphuric  acid,     { 
acetate  of  copper,  and  alkohol ;  and  Henry  has  stated, 
that  the  ether  thus  produced  is  the  same  as  that  obtained 
by  the  preceding  process.  According  to  Laplanche,  it  m^-y 
also  be  obtained  from  a  mixture  of  sulphuric  acid,  aikoho-^, 
and  acetate  of  lead. 

In  the  formation  of  acetic  ether  by  the  first  jmct-^mu 
Thenard  found,  that,  if  the  distillation  of  the  two  inf^  "we 
dicnts  be  repeated  twelve  times,  neatly  the  whole  of    "«&' 


'  Mimoms  de  Cliin-.ic,  -om.  i.  p.  i>37. 
]   NighoUoti's  Juunisl,  vol.  xvii.  p.  219. 
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sdkohol  is  coorerted  into  ether,  and  a  great  part  of  the  ace* 
tic  acid  is  decomposed.  He  concludes^  that  acetic  ether 
consists  of  atl  the  principles  of  the  acetic  acid,  united  with 
those  of  the  alkohol,  without  the  formation  of  any  other 
cMnpoond  *• 

Acetic  ether  has  an  agreeable  odour,  etherial,  but  in 
which  the  smell  ot  acetic  acid  is  also  perceptible ;  its  blste 
is  verf  peculiar }  its  specific  gravity  is  866.  It  evaporatea 
when  exposed  to  the  air,  and  boils  at  128^.  It  burns  widi 
a  yellowish  white  flame,  and  acetic  acid  appears  during 
the  combustion ;  yet  no  acidity  can  be  discovered  by  die 
infusion  of  litmus  in  the  ether  itself*  It  is  soluble  in  w»« 
ter,  requiring  about  7)  times  its  weight  of  water  for  its  so- 
Intbn.  In  this  aqueous  solution  no  acid  is  developed ; 
but  if  an  alkali  be  added,  the  odour  and  taste  of  the  ether 
disappear,  and  the  alkali  is  saturated  (  after  this,  if  it  be  "** 
subjected  to  distillation,  alkohol  much  diluted  with  water 
is  obtained  j  a  presumptive  proof  of  the  theory  of  the  con- 
stitution of  this  ether  given  by  Thenard. 


To  the  vinous  fermentation  probably  belongs  that  kind 
of  fermentation  which  takes  place  in  the  raising  of  bread. 
A  small  quantity  of  yeast  is  mixed  with  the  flour ;  or, 
without  this  addition,  a  quantity  of  the  flour  of  wheat  is 
mixed  with  hot  water,  allowed  to  stand  for  a  day  or  two, 
and  is  then  used  as  a  ferment.  A  portion  of  it,  or  of  the 
yeast,  is  mixed  with  flower  into  a  soft  paste,  and  is  kept  in 


M^moires  de  la  Socictc  d'Arcueil,  torn.  i.  pC  158. 
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B  warm  place:  it  swells  up,  becomes  spongy*  firomtbrifr 
tiication  of  a  quanitiy  of  air,  and,  weie  the  fermfnndgi 
allowed  to  continac,  would  become  sour.  A  stsall  i)«i» 
liiy  of  this  leaven,  as  it  ie  named,  is  mixed  with  the  dovgk 
from  whicli  the  bread  is  to  be  baked  :  a  degree  of  fa- 
tneniation  is  thus  eiciied,  and  the  gas  extricated  raises tLr 
<lougIi.  It  is  soon  checked  by  the  baking ;  but  its  eStm 
rcnuiii,  and  give  rise  to  the  spongincss,  porosity,  andcoo- 
tequent  lightness  of  well-baked  bread.  The  bread  (t^ 
nicnted  with  ^eaat  is  less  liable  10  become  sour  than  wfietr 
the  ferment  from  flour  merely  is  used.  The  pmence  tt 
the  gluten  in  the  iluur  of  grain,  no  doubt  favoors  tbcfai- 
memation. 

Though  stune  chemists  have  considered  this  as  a  fto^ 
liar  species  of  fermentation,  there  an  be  no  doubt,  dut  it 
5.  Dr  Pennington  had  deriti 
311  iubiniiiing  dough  10  the  iC- 
iters  of  an  hour,  and  then  mb- 
gave  merely  water,  without  anv 
r  justly  rcmarktd,  this  can  on!f 
fuTQieniation  is  not  necessarv  a 


is  analogous  to  the  vine 
this,  from  finding,  tlut, 
tiou  of  yeast  for  three  (ji 
Jccting  it  to  distillation, 
spirit.  But,  as  Mr  Coll; 
prove,  that  a  corapli 
tiise  bread.  It  may  proceed  si!  far  as  to  produce  that  ef- 
fect, by  the  extrication  of  carbonic  acid,  and  yet  not  fullv 
convert  any  of  the  fecula  into  alkohol.  And  Mr  Col- 
lier found,  that,  on  subjecting  wort  for  the  same  leogtS 
of  time  to  the  action  of  yeast,  though  it  exhibited  fvetT 
sign  of  fermcotaiion,  it  gave  no  sp  rit  by  distillation  *. 

That  it  ia  the  vinous  ftrmeni.ition  which  happensin  ibt 
raisinj  of  brL-sd  from  the  action  of  the  fetmcDl  oti  ibc 
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flour,  is  also  proved  by  the  fact,  that,  if  not  checked,  it 
Boon  runs  into  the  next  stage  of  fermentation,  the  acetous,' 
IS  is  evident  from  the  bread  becoming  sour,  and  from  iis 
peculiar  smell  in  this  state* 


SECT.  ir. 

or  Tlir.  ACETOUS   FERMEN'TATIOy. 

If  liquors  which  have  undergone  the  vinous  ferments* 
tion  be  kept  at  a  temperature  not  much  below  60^,  and 
with  the  air  not  entirely  excluded,  tliey  gradually  sufier 
another  change :  they  lose  their  vinous  flavour,  pungency* 
and  intoxicating  quality,  and  become  more  or  less  sour. 
Chemists  have  considered  this  as  a  second  stage  in  the  ge- 
neral process  of  fermentation;  have  named  it  the  Ace- 
tous ;  and  the  product  forms  Vinegar  or  Acetic  acid. 

Not  only  do  vinous  liquors  suffer  this  change,  but  every 
substance  susceptible  of  the  vinous  can  likewise  pass  into 
the  acetous  fermentation.  Hence,  sugar  dissolved  in  wa« 
ter,  sweet  vegetable  juices,  or  infusions  of  grains  that  have 
been  malted,  can  be  converted  into  vinegar.  Fecula,  even 
without  the  previous  process  of  malting,  is  equally  sus- 
ceptible of  it ;  for,  in  the  process  of  starch- making,  a 
quantity  of  vinegar  is  formed,  not  merely  from  the  small 
portion  of  saccharine  matter  in  the  grain,  but  likewise,  as 
Vauquelin,  in  his  analysis  of  the  sour  liquors  of  the 
ttarch-makers,  has  remarked,  from  the  fecula  itself  *. 


Anoales  de  Chimie,  torn,  xxxviii.  p.  261. 


Eren  subslances  ipbidt  m  not  suEWptible  of  the  ^ 
fermentation,  it  appears  to  be  ntablished,  may  tuffer  the 
•cetous.  This  is  indeed  concrirjr  to  an  opinion  foancr)f 
maintained,  which  regarded  the  aceiuui  mcTcIy  as  a  cob- 
tinuance  of  the  vinous  fermentation,  and  af  necessarily 

i preceded  by  it.  But  it  often  happens  where  the  fottaet 
cannot  be  traced,  and  where  there  is  no  reason  to  suppose 
<Aat  it  ever  did  exist,  as  tn  vegetable  juices  or  infusions 
containing  much  mucilaginous  with  scarcely  auy  saccha- 
rine matter,  and  the  sourness  which  even  pure  muclb^, 
•r  a  solution  of  gum,  in  water  suffers,  is  probably  owin^ 
chiefly  to  the  production  of  acetous  acid. 

Nor  is  pure  alkohol,  in  any  state  of  dilution  with  wa- 
ter, capable  of  undergoing  the  acetous  fetmentMioo  :  ihm 
must  always  be  present  other  vegetable  principles,  ts  id> 
gar,  mucilage  or  farinaceous  matter.  Even  a  certain  pro- 
portion of  these  is  requisite.  Hence  strong  wines  do  noi 
become  so  readily  sour  as  weak  or  sweet  wines ;  for  the 
same  reason  wine  that  has  been  clariHed  is  less  liable  to 
ferment  ■,  and  titrong  wines  can  be  made  to  pass  into  the 
acetous  fermentation  more  easily,  by'adding  to  them  sb- 
gar  or  mucilage  ;  and  when  these  highly  spirituous  wines 
are  thus  made  to  ferment,  they  furnish  a  much  stronger 
vinegar  than  those  which  are  weak.  Even  tlie  vegetable 
acids  appear  to  contribute  to  it,  and  in  the  conversion  of 
sweet  vegetable  juices  orof  wine  Into  vinegar,  there  is  rea- 
son to  believe  that  the  malic  and  tartaric  acids  they  con* 
t;iin  are  partly  changed  and  pass  into  ihe  acetic  acid. 

The  addition  of  some  substances  which  act  as  ferments, 
appears  also  to  be  requisite.  It  is  true,  that  wine  atid 
other  fermented  liquors  will  of  thpnist-lvcs  become  scu: 
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trt  a  certain  tune ;  but  this  is  probably  from  ifaeir  cOntaid* 
if^  a  portion  of  mailer  analogous  to  fcrmeiils.  and  wbidi 
eicittt  the  change.  In  prepaiin^  vinrgar,  it  is  known  thai 
a  certain  qtianiiiy  of  auch  matter  must  be  acUied,  either  a 
portion  cf  the  sitbst^ince  which  hai  been  deposited  front 
a  ItqQor  that  has  previously  passed  into  vinegar,  or  a  quan- 
itijr  of  yeast  i  and  there  is  every  rcuon  to  belrevei  that  it 
is  vegetable  gluten  which  n  ihecssential  principle  of  these 
ferments.  Foutcroy  and  Vauquclin  accordingly  found, 
that  when  sugar  was  addtd  to  water  which  had  stood  trvur 
ike  gluten  of  wheat,  it  quickly  farmed  vinegar  ;  and  Bn-  - 
thollet  obtained  the  same  result  from  a  ntiiture  of  glaten 
ind  starch  *.  This  principle,  V^uqaelin  remarks,  contri* 
1)Ut»  to  the  formation  of  vinegar  in  the  liquor  formed  in 
the  manufacture  of  starch ;  and  i\k  matter  which  is  oon- 
uined  in  common  vinegar  from  tnahed  grain,  and  which 
Wojers  it  so  liable  to  a  kind  of  putrefaction,  is,  according  | 
<•  this  cfaeniist,  vegetable  gluten.  ' 

Tbe  admiliMon  of  the  atmospheric  air  is  essential  (o  the 
KMoits  fermentation.  Hence  wines  ih.it  arc  well  boi- 
tM  may  be  kept  for  a  long  time  uninjured,  and  the  more 
free  the  exposure  to  the  air  is  they  become  sooner  sour. 
The  onygen  of  the  air  it  at  the  same  time  alway*  absorb- 
ed. According  id  Sauasure,  this  oxygen  is  not  absorbed 
•o  as  to  enter  into  the  composition  of  the  acid,  but  is  ex- 
pended entirely  in  ah «I ratting  carbon,  and  of  course  form- 
ing  catbonic  acid.  In  keeping  wine  in  contact  with  oxy- 
gen fii  for  a  year  in  receivers  closed  with  mercury,  he 
foutid  tl  converted  into  viaegar ;  but  the  diminution  of  \ 
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ihe  volume  of  the  gas  never  exceeded,  but  was  atwayt 
ferior  to  the  volume  of  the  wine  ;  and  hence,  accor<linr 
(o  the  view  he  gives  of  the  eiperinient,  the  oxygen  had 
combined  with  carboQ  so  as  to  fonn  carbonic  acid,  wbich 
had  been  absorbed  by  the  liquor.     And  accordingly  he 
found,  that  when  he  made  the  experiment  with  winepM 
Tiously  impregnated  with  carbonic  acid  gas,  tht$wiiie,aM 
dcr  the  same  circumstances,  was  equally  convened  ioln 
nnegar,  but  without  the  volume  of  the  elastic  fluid  abort 
it  being  changed ;  the  oxygen  consumed  being  replaced 
hf  an  equal  volume  of  carbonic  acid  gas  *. 

A  certain  temperature  is  requisite  to  the  acetous  fermeic 
tsion.     It  lakes  place  slowly,  below  GO  ;  bu  it  prDceedi 
with  more  rapidity  between  60  and  SO ;  and  in  fanmi|[^ 
rinegar  anificially  the  temperature  is  kept  high.     If  it  MJH 
below  £0,  it  is  nearly  diecked  ;  and  hence  wines  can  tn 
longer  preswved  by  bcinff  kept  b^low  this  temperature.  '* 

Tho  phciumiciia  wl.ich  occur  in  the  acetous  fermentj- 
tion  are  somewhat  analogous  to  those  in  the  virions.  When 
it  is  proceeding  rapidly,  there  is  an  intestine  motion,  not 
accompanied  however  with  such  a  disengagement  of  elas- 
tic fluid  as  in  the  vinous  formentation  i  the  liquor  is  tur- 
bid, and  its  temperature  rises ;  its  smell  becomes  tcetoui. 
These  appearances  at  length  subside,  and  the  liquor  gra- 
dually becomes  clear,  having  deposited  a  kind  of  glutinoui 
sediment  somewhat  similar  to  yeast. 

The  theory  of  the  acetous  fermentation  is  not  vet  com- 
pK'tcly  elucid.ucd.  Since  the  strength  of  ihe  acid  which 
is  formed  from  ii  is  proportioned  to  the  tjuniitity  of  alko- 
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hol,  or  of  matter  of  a  composition  analogous  to  alkohol, 
a!id  in  general  capable  of  passing  into  it»  and  since  this 
alkohol  disappears  during  the  fermenlationi  Lavoisier  siip<* 
posed  that  the  theory  of  the  process  might  be  inferred 
from  the  changes  which  this  principle  can  be  supposed  to 
suffer  $  and,  as  he  found  that  during  the  change  oiygen 
is  absorbed,  while  scarcely  any  sensible  quantity  of  car* 
book  acid  is  extricated^  he  concluded,  that  the  acetous 
fermentation  consists  in  the  oxygenizement  of  the  alkohol. 
If  the  experiments  of  Saussure  be  admitted  as  correct  in 
proving  that  as  much  carbonic  acid  is  formed  a&  corre- 
sponds with  the  quantity  of  oxygen  consumed,  this  acid 
being  retained  by  the  liquor,  the  theory  of  Lavoisier  would 
require  to  be  so  far  modified,  as  to  ascribe  the  change  of 
atkofaol  into  vinegar  rather  to  the  abstraction  of  carbon 
than  the  fixation  of  oxygen;  leaving  of  course,  however, 
a  larger  proportion  of  the  latter  principle  in  the  composi- 
tion of  the  acetic  ,actd. 

Thi^  view  cannot  however  be  received  as  altogether  just, 

since  alkohol  alone  cannot  undergo  this  change,  nor  can 

it  by  oxygenisement  be  converted  into  acetic  acid ;  and 

since  the  presence  of  mucilage,  saccharine  matter,  or  other 

principles^  i§  always  necessary  to  the  acetous  fermentation, 

the  operation  of  which  is  not  explained  by  the  theory. 

Neither  does  it  explain  the  action  of  the  ferment  which 

appears  to  be  nearly  equally  indispensable.    It  will  after- 

^rds  appear,  that  nitrogen  probably  enters  into  the  com* 

position  of  acetic  acid ;  and  the  operation  of  the  ferment 

^^J  be  partly  that  of  afiording  this  element. 

Vinegar,  the  product  of  the  acetous  fermentation,  U 
P>^ared  in  difFcrcnt  countries  from  different  matcrialp. 
Vol.  IV.  G- 
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Saii  tiaiilit  [»  what  ha%  Man  ben  f-'h"*H  be  obtaiB- 
ed.  At  the  md  of  tike  oprmkn,  wboo  k  liM  ban  cat> 
ricd  oo  indKiiit  dtlntionf  then  nnuiM  i  ti^oor  of  s  4wp 
nd  cetoor,  very  anpymtnuiK,  toA,  and  winch  oa  Manl- 
iag  dcfMuia  »iper>nrtiatt  o(  poUMs.  llie  esmcbte 
roitia,  when  HTfced  with  a  urang  &n,  ftdcU  ibe  ngil 
prodoctt  of  f  cgcuble  imnn-,  with  s  portiiMt  of  nn—h 

DiMiUed  iriafgu  b  iimptd  anA  cnlourleift.  luodoaril 
fiiitttr  and  Irtft  pleataat  ihan  dut  oi  comnraa  via*f*| 
tt*  mtc  Ins  KHir,  and  its  add  powoj,  »s  inay  be  mfinnd 
mdred  froni  what  bai  be«ii  viid  of  tis  ptrpuMiout  aw 
weaker.  It  U  pnnr,  however,  aod  if  SM  lUhIr  to  dccOfo- 
poailidD  on  keeping,     it  is  |»rincips)tt7'  used  in  pb«miCf  ■ 

Vinegar  caa  be  concenimed  by  freezing  :  ibe  ihmi(t'*- 
lion  takes  place  at  a  tetrtperanire  below  26°,  mcae  or  kli 
according  to  iu  strength,  and  the  congested  pan  ia  no^ 
Ijrice,  leaving  uf  course  a  sitoiigcr  acid.   It  the  pIC^tH^* 
performeil  on  il  jtilled  vinegar,  or  conducted  iu  the  n«P- 
ner  described  by  LowiiE,  a  very  pure  add  it  at  th*  ntt^ 
time  obtained.     He  freezes  a  large  ([uatitity  of  vioc^i 
and  distils  ihe  unfrozen  part  in  a  waier-bath  ■  tlie  difiJ' 
ltd  vinegar  thus  procured,  is  again  coi.gealed,  and  ihti^ 
4juid  portion  is  lastly  distilled  from  a  quantilj  ofchaKwl 
powder.     A  highly  concentrated  acid,  of  an  agreeibJc* 
dour,  is  thus  obtained,    if  it  be  exposed  to  a  very  inirw 
cold,  equal  lo  — mj",  it  iboots  ioto  crysiais  i  wbritl^ 
fluid  part  is  withdrawn,  the  crystals  liquefy  when  iliel*^' 
perature  rises,  and  the  liquid  is  limpid  as  water,  etiii*'" 
ly  strotJfT,  and  bai  a  Highly  pungent  acetous  odour.  Tw 
i«  the  pure  acid  of  the  vinegar,  any  fureign  aiairer 
ing  ill  the  uijcoitgcalcd  licjuid.     Louitz  liUwiwobtJi''*^ 
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the  jcid  equally  strong,  hj  taking  vinegar  which  has  been 
cMice  congealed  and  then  distilled,  mixthg  it  with  a  large 
quantity  of  charcoal  powder,  and  distilliog  from  a  retort 
in  a  water-bath  i  a  weak  acid  comes  over  f  the  retort  is 
then  to  be  placed  in  a  sand-bath,  and  urged  with  a  strong 
fire,  as  long  as  any  fluid  distils  over  quickly ;  stopping  it 
when  it  begins  to  distil  more  slowly,  as  it  is  then  princi- 
pally water.    The  distilled  acid  may  be  further  coneen- 
trated  by  freezing,  retaining  the  cfystali,  and  pouring 
off  the  uncongealed  portion  *.    It  is  singulary  that  the  a- 
cid  concentrated  by  freezing,  acquires  an  unpleasant  odouri 
from  which  it  may  be  freed  by  distillation  from  charcoal. 
•  Other  methods  are  employed  to  obtain  Che  pure  and 
concentrated  acid.    Distilled  vinegar  is  combined  with  an 
alkali  or  earth  *,  the  neutral  salt,  obtained  by  crystalliaa^ 
tion,  in  a  solid  state,  is  decompoted  by  an  acid,  and  the 
acetic  acid  is  distilled.      The  process  of  Westendorfi 
which  has  been  often  followed,-  is  to  saturate  soda  with 
distilled  vinegar}  obtain  the  acetate  by  crystallization | 
and  pour  upon  it,  in  a  retort,  half  its  weight  of  sulphuric 
acid.     By  applying  hear,  the  acetic  aeid  is  distilled  over  \ 
and  s!)ould  there  be  any  reason  to  suspect  the  presence  of 
amy  sulphuric  acid,  it  may  be  distilled  a  second  time  from 
a  little  acetate  of  soda.     According  to  Lowit^,  a  prefera- 
ble method,  as  affording  it  still  more  concentrated  and 
pore,  it  10  nils  three  parts  of  the  acetste  of  soda  with 
^i(ht  parts  of  super-sulphate  of  potassa,  both  salts  bcinc; 
Perfectly  dry  and  in  fine  powder,  and  to  diatil  from  this 
sxture,  in  a  retort  with  a  gentle  heat.      By  this  pricc^^ 
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seven  pounds  of  conceut  rated  acid,  cry  Stall  izable  if 
may  be  obtained  from  300  pounds  of  common  vlneg; 
It  was  also  lung  known,  that  from  certain  mcialiic 
formed  from  vinegar,  a  very  strong  acid  could  be  procur- 
ed by  diatillation.  The  salt  employed  for  this  purpose, 
'  {i  ihtt  formed  by  the  action  of  vinegar  on  copper) 
[  Verdigria  oF  commerce.  It  is  reduced  to  a  fine  poi 
['  arliicli  is  dried  by  ^  moderitie  heat.  This  is  inlroducetl 
1%  retort  connected  with  a  receiver,  and  urged  with  a 

■  gradually  r^scd  ;  the  portion  that  first  comes  over  ts 
pttd  is  tlierefore  to  be  removed  ;  it  is  succeeded  by 
(id  litguor  extremely  strong,  and  having  a  pungent 

■  liatiiig  odour.     As  obtained  by  ihc   first  distitlalioot' 

■  Jlolds  a  smnll  quartity  of  oxide  of  copper  dis&olvedi 
whkhi  howevei,  it  may  be  freed  by  a  Mcond  distill: 
with  a  more  gentle  heat.  The  acid  procured  by  iW* 
cess,  had  formerly  the  name  of  Radical  vinegar. 

It  having  been  observed,  that  this  acid  differs  in  several 
of  its  properties,  and  still  more  in  its  combinations,  fttxn 
the  acid  whicb  exists  in  distilled  vinegar,  even  when  tbii 
is  concentrated  fay  freezing,  ihc  opinion  was  maintained. 
that  there  is  an  essential  difference  between  them.  Bet- 
thoUet  at  an  early  period  investigated  this  difference.  Hi- 
ving concentrated  distilled  vinegar  by  freezing,  and  broBfhi 
the  acid  obtained  from  verdigris  by  heat,  to  the  samespf 
cific  gravity  by  dilution,  he  observed,  that  the  fatter  b^ 
a  taste  and  odour  more  pungent  than  the  former  i  it  ip- 
peared  to  cxcrl  a  stronger  attraction  to  the  alkalis,  and  «> 
form  with  them  combinations  more  intimate,  and  differinc 
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*  in  tbeir  properties  £rom  diose  formed  b^  the  other  *•  Tlie 
difference  between  themy  he  supposed  owing  to  the  oxy- 
gen reoeiYed  by  the  acid  from  the  oxide  of  copper,  in  its 
production  from  verdigris  by  heat ;  and  according  to  the 
theory  then  maintainedt  to  the  transfer  of  phlogiston  at 
the  same  time  from  the  acid  to  the  copper.  The  two  a« 
cid$  thus  came  to  be  regarded  as  differing  in  degree  of  oxy*- 
genizementi  and  were  distinguished  by  the  names  of  Ace* 
tous  and  Acetic  Acids.  i 

Adet  called  this  opinion  in  question.     From  examining 
witli  attention  the  products  of  the  decomposition  of  the 
acetate  of  copper  by  heat,  He  found  reason  to  conclude, 
th|t  the  acid  expelled  from  it  receiyes  none  of  the  oxygen 
of  the  oxide,  but  is  tbe  same  as  that  which  existed  in  the 
salt,  except  that  it  contains  less  Mrater.     He  compared  this 
acid  too,  with  that  disengaged  by  sulphuric  acid,  without 
the  application  of  any  high  heat,  from  acetate  of  copper, 
and  acetate  of  potassa,  and  found  them  the  same.     He 
found  it  impossible  to  oxygenize  the  acetous  acid,  so  as  to 
»    convert  it  into  acetic.     And  in  examining  the  actions  of 
these  acids  on  a  number  of  substances,  metallic,  earthy, 
\    and  alkaline,  and  the  compounds  they  form,  he  found  them 
P   perfectly  identical,  and  equally  so,  allowing  for  the  diiu- 
[j.  tjon,  with  distilled  vinegar.  He  concluded,  therefore,  that 
-'  die  acetic  acid  expelled  by  heat  from  its  metallic  salts, 
<loes  not  receive  oxygen  ;  that  it  exists  in  one  uniform  dc« 
^  Pte  of  oxygeniaement  i  that  t!'.ere  is  no  acetous  acid, 
T  ^^efore,  different  from  the  acetic  \  and  tliat  the  apparent 
'  -^ differences  between  the  two  acids  so  named,  arise  from  th-* 
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one  being  l  little  weaker  or  more  dilute  than  the  tnber  * 
Crcn,  ic  mif  be  remarked,  hiul  held  the  same  opinion. 
l.tCfaapUi,  in  a  memoir  subsequent  to  Atlet's,  aiiU  isain- 
iihc  0(.'>iiiLon,  tliat  there  is  an  CMeniijI  diilvraiKe be* 
*  tllcse  two  states  of  acetic  acid  i  a  difference  whiA 

'  lie  sought  to  establish  by  experiments  on  iheir  loJieur 
power>  ttieir  power  of  Siicuraiton,  and  their  coinbiuatioM ; 

.  but  he  regarded  it  u»  depending,  doc  on  a  diAlrenl  dcgrrf 
of  oxygenizi-ment,  but  on  a  diflereut  proportion  of  caibw 

'  in  rhrir  bade :  the  aceious  acid  eiisiing  in  vcniigrif,  loting, 
when  it  is  expelled  by  heat,  a  portion  of  iisc^KWi  whf(h 
U  attracted  partly  by  a  portion  of  the  oxyg^Ktf  the  in«- 
uUic  oxide,  and  partly  by  the  oxide  itself,  which  p*tMt 
nearly  to  the  metallic  state  f.  A  similar  opinion  had  Uee 
advanced  by  Peres  :  while  Dabic  endeavoured  to  rappOR 
by  exju-rimciit  the  opinion,  that  these  acid*  are  in  >  dif- 
ferent degree  of  oxygenizcnieiic  f,  D^rracq  has  more  Uk- 
ly  examined  the  subject,  and  hns  found  the  conclusions  of 
Adct  just.  He  repeated  his  experiments  and  found  (hem 
correct ;  and  added  others,  from  which  it  resulted,  thil 
when  the  two  acids  are  brought  to  the  same  specific  gti- 
yity,  there  is  scarcely  any  difl'erence  between  them  in  theit 
physical  properties,  except  that  the  smell  of  the  acetic  is  i 
little  empyreumatie.  Their  chemical  properties  were  al» 
alike,  and  their  combinaiions  the  same.  The  acetous,  sub- 
mitted  to  the  action  of  substances  capable  of  afTording  id 
it  oxygen,  was  not  changed  :  nor  by  analysis  did  thev  i/- 
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ford  different  proportions  of  charcoal.  Common  vinegar, 
howeveri  contains  a  quantity  of  mucilaginous  or  extract- 
ive matter,  which  Darracq  found  not  to  be  altogether  sc« 
pafated  from  it  by  distillationy  and  a-portion  of  which  eren 
adheres  to  the  acid  in  its  saline  comUnations.  The  pre- 
sence of  thtSi  and  of  a  portion  of  water  in  what  has  been 
named  Acetous  Acid,  somewhat  disguise  its  properties ; 
and  by  abstracting  them  by  distilling  this  acid  repeatedly 
from  muriate  of  Jime,  an  acid  is  obtained  equally  strong 
with  the  acetic,  and  having,  an  odour  as  pungent  and  not 
empyre^aric. 

ThOTVexists,  therefore,  as  Darracq  has  remarked^  only 
one  acid  of  vinegar  \  which  being  at  its  maximum  of  oxy- 
genizement,  ought,  in  conformity  to  the  principles  of  the 
modem  nomenclature,  to  be  named  the  Acetic.  Its  salts 
must  be  denonunated  Acetates ;  and  the  salts  named  Ace- 
rites,  as  distinct  from  these,  have  no  existence  *. 

The  acetic  acid  is  extracted  from  the  metallic  salts  in 
which  it  exists,  by  other  methods  than  merely  by  (he  ap- 
plication  of  heat ;  in  particular,  by  employing  the  affinity 
of  some  other  concrete  acid  to  disengage  it,  assisted  by 
heat.  It  can  thus  be  obtained  from  acetate  of  lead,  by  the 
intervention  of  sulphate  of  copper  or  of  iron.  A  process 
of  this  kind,  given  by  Dadollier,  is  to  expose  to  heat,  in  a 
retort,  a  mixture  of  equal  parts  of  sulphate  of  copper  and 
acetate  of  lead,  as  long  as  any  acid  comes  over  f .  Tbi^ 
has  been  introduced  into  the  Pharmacopoeia,  substituthig 
sulphate  of  iron  for  sulphate  of  copper.     The  acid  thus 


*  Philoiophtcal  Magazine,  vol.  xiii.  p.  12. 
f  Amiale^ de  Chimic,  torn,  xxxvii, p.  111. 


[irocured,  howeTcr,  is  wealier,  and,  according  to  the  t^- 
servution  of  Debuc,  confirmed  by  tlie  experimenta  of 
riaiiche  and  Itaullay,  contains  sulphurous  acid  ;  which, 
however,  according  to  the  former  chemist,  maf  be  tii- 
siracrcd  by  distilling  it  from  black  oside  of  manganctr, 
^ifuixed  with  »  SDuU  quantit;  of  carbonate  of  potassa  *.  ^^ 
B  Acetic  acid,  ttt  its  highest  state  of  concentration,  snckai 
'  as  that  in  which  it  is  obtained  when  expelled  from  ace- 
tate of  copper  by  heat,  or  when  distilled  repeatedly  from 
muriate  of  limC)  iias  a  fragrant,  and  at  the  same  time  very 
penetrating  smell,  irritating  the  nottriU  strongly  :  it  is  ao 
caustic  as  to  inflame  the  akin :  its  acid  taste  is  strong,  erea 
wlien  it  is  largely  diluted  with  water :  it  is  colourlessi  u>d 
has  a  specific  gravity  of  1.0626.  In  its  diluted  state,  ai 
in  that  of  distilled  vinegar,  its  smell  is  much  more  faint, 
but  is  still  agreeable,  atid  its  taste  iii  merely  sour. 

This  acid  is  capable  of  congelation,  when  it  forms  fo- 
li.ited  arborescent  crystals  ;  and,  according  to  the  observ- 
ations of  Lowitz,  it  suffers  this  change,  and  presents  very 
different  results,  according  to  its  degree  of  concentration. 
If  much  diluted,  as  in  common  distilled  vinegar,  it  ij  the 
water  that  freezes,  leaving  a  stronger  acid  uncongealed  ; 
if,  on  the  contrary,  the  acid  exposed  to  cold  be  more  con- 
centrated, it  congeals,  and  the  part  that  remains  liiiuid  is 
more  watery-  When  strong,  it  congeals,  according  to  his 
account,  at  tiie  temperature  of  32°,  and  remains  solid 
even  at  a   higher  temperature  f.     With  regard  to  this, 

•  Nii:!iolsoii'»  .lonriial,  vol,  xlii.  p.  ^2. 
ft   Aniialcj  lie  Chiniif,  ton.  %.  p.  '215. 
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however»  there  is  some  o}>icuu(v  ;  for  concentrated  ace- 
tic acid  does  not  ftccze  at  a  much  lower  temperature,  and 
the  acid  distilled  from  charcoal.  Lowltz  himself  remarks. 
requires  a  temperature  lower  than  20^  of  Fahrenheit. 

Thi»  acid  is  very  volatile :  its  odour  is  diffused  through 
the  atmosphere,  when  it  is  exposed  to  it,  and  becomes 
gradually  weaker ;  and,  by  a  moderate  heat,  it  is  convert<- 
ed  into  vapolir  i  this  vapour  catches  fire  on  the  approach 
of  an  ignited  body ;  and  hence  the  acetip  acid  affords  an 
example  of  an  acid  retainiiig  the  property  of  ijaflammabi- 
Hiy-  ^    r 

This  ;icid  combines  with  water  in  everj  proportioni  and 
when  it  i$  concentrated^  the  teonperatuTe  ris^s  from  their 
combination. 

Acetic  acid  combines  with  the  alkaline  ^nd  earthy  bas- 
es. Its  salts  are  named  Acetates,  or  formerly,  as  they  ar^ 
generally  prepared  from  distilled  vinegari  which  was  con- 
sidered as  acetous  acid,  Acetites«  They  are  very  soluble 
in  water,  and  the  greater  number  of  them  have  such  an 
aflinity  for  it  as  to  be  deliquescent,  and  not  easily  crystal- 
lized :  the  acetic  acid  is  easily  disengaged  ^  and  they  are 
decomposed  by  heat,  the  greater  part  of  the  acid  suffering 
decomposition,  and  leaving  a  residuum  of  charcoal. 

AcETAT£  OF  PoTAssA  is  prepared  by  saturating  the  al- 
kali of  carbonate  of  potassa,  by  the  addition  of  distilled 
vinegar.  The  liquor  is  evaporated  to  a  dry  mass :  this  is 
of  a  brownish  colour,  from  the  presence  of  a  small  quan- 
tity of  extractive  matter  derived  from  the  vinegar.  If  it 
be  melted  and  kept  in  liquefaction  for  a  short  time,  on 
dissolving  it  again  in  water,  the  extractive  matter  sepa- 
rates in  flikes ;  the  solution  when  strained  is  limpid,  and 


ltd 
^"  .... 


Wh«i  evajjoraled  aJIbnlfl  a  salt  pejfectly  white.  Il  is  Icfltafd 
if  a  distinctly  foliated  trature,  w^cn«  it  rcceirtfd  the  ali- 
surrf  name  of  Terra  Foliata  Tartaii,  It*  concentratnl  »■ 
lutiud  alTurds,  when  expascd  to  cold,  pHsmaiic  cryitili. 
This  salt  t»  so  deliquescent,  that,  even  on  a  few  minott. 
exposure  to  the  atmosphere,  its  surf jce  becomes  hnmid : 
it  Joes  not  reqairc  more  ihaii  its  weight  of  water  for  itt 
A>)uiioR  at  60^  :  it  is  aho  soUihto  in  alkoho).     Its  watery 

luijon,  like  that  of  the  other  acetates,  decomposes  spon- 
Ineously  ;  and  when  tbe  dry  salt  is  exposed  to  heat)  its 
4cid  is  decomposed,  an  »iipyrcumi(ic  oil  and  acid  (tall 
ittT^  VTth  a  Ittile  xAimoiiu,  and  much  carbonic  acid  and 
carhuretted  hydrogen  gises  -,  a  considerable  quantity  of 
tharcoj!  remaining,  mixed  with  carbonate  of  polas»a. 

AcETATi:  OF  Soda,  prepared  by  saturating  carbcmatc of 
•oda  with  distilled  vinegar,  is,  by  eraporation  of  its  solo, 
lion  until  a  pellicle  form  on  its  surface  obtained,  when 
the  fluid  cools,  crystallized  in  striated  prisms.  Its  taste, 
like  that  of  the  preceding  salt,  is  sharp  and  bitter  :  it  is 
not  deliquescent,  bur  is  easily  soluble  in  water,  requirirg 
nearly  three  parts  at  60°.  It  is  decomposed  in  the  same 
manner  as  the  acetate  al  potassa. 

Acetate  of  Ammonia,  formed  by  saturating  carbon- 
ate of  ammonia  with  distilled  vinegar,  has  been  long  known 
under  the  name  of  Spirit  of  Mirdererus,  having  been  em- 
ployed in  medicine  as  a  diaphoieiie.  It  is  not  easily  ob- 
tained crystallized,  as  it  is  so  volatile  that  its  solution  can- 
not be  concentrateii  by  cvaporition  :  by  a  very  slow  cta- 
[ior.i(:on,  however,  it  may  be  obtained  in  aclcular  prisms; 
a;?d  it  can  be  crysinliized  In'  sublimation.  It  is  very  dc- 
l'.-iwjc::Ki.::ds_;j;;, 
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The  combinations  of  this  acid  with  the  earths  do  not 
form  compounds  of  much  importance.  Acetate  of  bary<« 
tes  crystallises  in  acicular  prisms,  which  are  efflorescent^ 
zndf  at  the  same  time,  very  soluble  in  water.  Its  taste  is 
bitter.  As  it  is  decomposed  by  the  alkaline  carbonates 
and  sulphates,  it  is  sometimes  used  as  a  test  to  discover 
carbodc.  and  sulphuric  acid.  Acetate  of  strontttes  affords, 
by  evaporation  of  its  solution,  slender  crystals,  which  are 
sohable  in  water,  requiring  npt  much  more  than  two  parts 
for  their  solutiony  and  which  are  not  altered  by  exposure 
to  the  air.  Acetate  of  lime  is  obtained  by  evaporation  and 
cooling,  in  fine  prismatic  crystals  of  a  silky  lustre,  efilor* 
escanty  soluble  in  water,  and,  as  is  observed  by  Mr  Ktr<» 
waOf  still  more  soluble  in  alkohoi.  Its  taste  is  bitter. 
Acetate  of  magnesia  crystallizes»  but  with  difficulty,  its 
solution  usually  affording,  on  evaporation,  a  viscid  deli* 
qnescent  massi  abundantly  soluble  both  in  water  and  al* 
luiuA :  its  taste  is  sweetish.  Acetate  of  argil,  prepared 
by  digesting  the  acid  on  the  earth»  forms  small  needle^like 
crystals,  soft,  and  having  an  astringent  taste.  This  salt  is 
prepared  for  its  application  as  a  mordant,  as  has  been  al# 
ready  remarked,  by  decomposing  acetate  of  lead  by  suU 
phate  of  argil.  Acetate  of  glucine  is  easily  formed  by  dim 
rcct  combination :  the  solution  does  not  crystallize,  but  is 
reduced,  as  Vauquelin  found,  by  evaporation,  to  a  gum« 
my^like  substance,  which  remains  long  ductile,  and  dries 
slowly :  its  taste  is  sweet  and  astringent.  Acetute  of  zir« 
con  is  likewise  gelatinous  and  uiicrystallizable,  and  has  an 
aacringent  taste.  Acetate  of  ittria  can  be  obtained  by  cva- 
poffttion  of  its  solution  in  rrv<;^aU»  which  are  tbin  plates 
mn4  of  a  purple  colour. 
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Acetic  acid,  in  its  various  states  of  coBCeitiTat!on,"jct» 
mote  or  les?  poweifuily  on  rhe  mcinU,  and,  in  geoenlf 
combines  with  facilit;'  wiih  them  when  ihey  arc  jirerioB*- 
Ijr  osidizeri.  Some  of  these  comblnaiionj,  panicnbrlr 
ihoie  with  lead  and  copper,  ure  exEenSiveljr  u&ed. 

<Jold,  silver,  and  plntinat  are  not  aliecied  bf  ir  in  tlini 
metallic  state, but,  when  csiilized,  ^redUsolreiiby  tt.  TV 
acetic  solution  of  guid,  it  is  remarked  by  Bergman,  ad'ardi 
fulminniin^  gold,  when  acted  on  by  ammonia.  'Dicaco 
tJie  of  silver  crystnllizes  in  prisms,  which  ate  very  soluble, 
nnd  h-jve  a  sharp  metallic  taste. 

Acetate  of  (juick silver  is  diHereni  in  in  ptopenlcs  ac- 
coriling  to  the  stale  of  oxidizement  of  the  metal.  ITwl 
in  which  the  metal  is  imperfectly  oxidized  is  best  obtaiD' 
ed  by  decomposing  a  solution  of  nitrate  of  quicksilver,  i= 
vhich  the  metal  is  in  that  state,  by  mixing  ii  with  a  solo* 
tion  in  tepid  water  of  acetate  of  potassa  :  very  delicju- 
crystals,  in  the  form  of  spangles,  of  a  white  colour  and 
beautiful  silvery  lustre,  form  quickly,  and  are  deposited  *> 
the  solution  cools.  Irs  principles  have  so  weak  an  afTim- 
ty,  that  it  is  decomposed  by  water  alone  :  if  a  large  qum- 
tity  be  employed  to  wash  it,  it  becomes  yellow  :  tin; 
whiteness  it  immediately  restored,  by  washing  with  a  lit- 
tle distilled  vinep;ir:  when  dry,  it  forma  a  soft  foliiied 
mass  :  its  taste  is  mild,  hut  metallic.  That  which  is  fotni' 
ed  by  digesting  the  acid  on  mercury  more  highly  oiidiied 
as  on  the  red  oxide,  is  more  acrid  and  soluble. 

Copper  forms  with  this  acid  combinations  of  some  in:- 
pon.ince,  from  their  usl-  in  medicine  and  ihe  aris.    W.ii 
h:is  been  named  Verdigris  is  a  sub-acetate  of  copper, 
i-.  prepared  by  stratifying  ci>;-'iKr  piates  with  ilic  huiLn 
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grapeSf  after  the  expression  of  their  juice,  and  when  they 
have  been  kept  for  some  time  imperfectly  exposed  to  the 
air,  in  an  apartment  warm  but  not  too  dry,  so  as  to  pass 
to  a  state  of  fermentation,  whence  a  quantity  of  vinegar 
is  formed.  -The  copper  plates  are  placed  in  layers,  with 
the  busks  thus  prepared,  in  jars, which  are  covered.  At  the 
end  of  twelve,  fifteen,  or  twenty  days,  these  are  opened  : 
the  plates  have  an  efflorescence  on  their  surfaces  of  a  green 
colour  and  silky  lustre :  they  are  repeatedly  moistened  with 
-"water ;  and  at  length  a  crust  of  verdigris  b  formed^  which 
is  scraped  oflF  by  a  knife,  is  put  into  bags,  and  dried  by  ex- 
posure of  these  to  the  air  and  sun.  It  is  of  a  green  co- 
lour, with  a  slight  tint  of  blue  *•  In  this  preparation,  the 
copper  is  oxidized,  probably  by  the  atmospheric  air,  aided 
by  the  affinity  of  the  acetic  acid ;  and  a  portion  of  this  a- 
cid  remains  in  combination  with  the  oxide,  not  sufficient, 
however,  to  produce  its  saturation.  When  acted  on  by 
water,  the  acid,  with  such  a  portion  of  oxide,  as  it  can  re- 
tain in  solution,  are  dissolved,  and  the  remaining  oxide  is 
left  undissolved.  From  this  analysis  of  it  by  the  action 
of  water,  Proust  inferred,  that  it  consists  of  48  of  acetate 
of  copper,  27  of  black  oxide  of  copper,  and  SO  of  water, 
this  water  being  not  accidental,  but  existing  in  it  in  inti- 
mate combination  f . 

The  proper  acetate  of  copper  is  prepared  by  dissolving 
Terdigris  in  distilled  vinegar :  the  solution,  when  suffi- 


*  Account  of  the  Manufacture  of  Vtrdrigris,  by  Chaptal, 
Fhilosopb.  Magazine,  vol.  iv.  p.  71. 

f  Journal  dc  Physique,  torn.  Ixi.  p.  1 14. 


ri^nOj  evaponicd,  iSotdn  nua^es  coinposeU  nf  priim*t>c 
cryiiUls,  aggregated,  of  a  deep  green  colour  when  newly 
broSti-ii,  bui  W'liicli  become  v(  ■>  light  greiil  from  cffi< 
cence  an  nxposuro  to  the  iiir.     'I'Ui*  sjit  U  scilwblr 
teri  »nd  also  in  alkoliol :  it  h3£  a  siioni;  lactHtlic  lute. 
|.con«iris,  according- 10  Prousti  of  S9  of  oxide  ottd  61' 
-nad  nnd  wnter.    Doth  it  and  verdlgm  arc  used  a» 
^  iineHls,  in  tome  of  the  processes  of  dy<ring,  and  in  mtdii 
I  on  acCDunt  cf  their  escharoiic  flower. 

Will;  \ei4,  acetic  acid  forms  combitiaiiors  of  aonie 

I  poiiance.   Ceriuse,  or  white  lead,  is  fonn«d  by  its  actic-n 

'  00  th«  mrta],  phtes  of  lead  being  exp9&«d  lo  d»e  vipouti 

trisiiig  fTom  builing  vinegari  and  the  mviil  bfinc  oxidijtd 

y  the  action  of  the  >ir,  aided  by  thv  nlUnjty  of  th«  acid- 

^This  hae  been  regarded  either  as  an  onidc  or  a  sutnt- 

bonale  of  lead  ;   though  it  appean;  probable,  that  it  moR 

contain  some  acetic  acid.  It  serves  as  the  basis  from  wliirii 

-  the  more  perfect  sah,  the  sugar  of  lead  of  commerce,  is 

formed  ;  ihc  cerus-ie,  in  fine  powder,  is  boiled  in  distilW 

vinegar,  ihe  vinegar  being  poured  ofF  as  it  loses  i«  ac'ili- 

ty,  and  fresh  quantities  U-ing  successively  addti-d.    'i'i>e 

liquors  thus  procured  are  then  evaporated  nearly  to  llw 

consistence  of  hgney  :  and,  on  cooling,  masses  are  icraf 

od,  consisting  of  a  congeries  of  iicedlc-iike  prisms.  Fron 

tlie  account  given  by  Pontiet  of  the  manufacture  of  thi> 

salt,  it  appears  th^t  it  is  also  formed  by  exposing  plates'-' 

ii'^id  to  ihe  action  of  distilled  vinegar  and  of  the  atmc- 

splieric  air  :  the  plates,  as  they  are  incrustcd  wi:!i  oii^^ 

at  the  surface  of  the  vinppnr,  are  jihiiigcd  to  the  botPiTi 

ur.til  this  oxidt  is  dissolved,  and  are  ag-.iln  riiicd  to  "■• 
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surface.  The  acid  U  thns  at  length  saturatedi  and,  by  eva- 
porattoity  the  solution  is  brought  to  crystallize  *. 

This  salt  was  regarded  as  jthe  fieutral  acetate  of  lead. 
From  the  researches  of  Thenard,^  howe?er,  it  appears, 
thait  it  \$  a  super^cetate,  or  contains  an*  excess  of  acid, 
which  modifies  its  properties.     A  manufacturer  of  sugar 
of  lead  haring  found,  that  in  the  method  in  which  he  con- 
ducted his  process,  the  salt  did  not  crystallize  in  the  usu^ 
al  form,  but  in  plates,  Tlienard  examined  this  product, 
and  found  it  to  be  the  neutral  acetate,  while  the  common 
sugar  of  lead  has  an  excess  of  acid.  The  latter,  according 
to  the  analysis  of  it  by  this  chemist,  consists  of  oxide  of 
lead  58,  acetic  acid  26,  and  water  16  f.    The  fof^m  of  its 
crystals  is  a  slender  four  or  six  nded  prism  bevelled  at  the 
extremities ;  its  colour  wlute,  or  frequently  of  a  yellowish 
tinge,  with  a  silky  lustre  \  its  taste  is  sweet  and  styptic ; 
it  is  slightly  e£9orescent ;  is  easily  soluble  in  water,  re- 
quiring^ about  24  parts  for  its  solution,  but  at  the  same 
time  it  appears  to  be  partially  decomposed,  as  the  solution, 
even  with  distilled  water,  is  turbid }  a  small  quantity  of  a 
while  powder  is  deposited,  and  the  salt  which  remains 
dissolved  has  probably  a  still  greater  excess'  of  acid  than 
the  original  salt.     It  is  decomposed  very  readily  by  all 
those  salts  which  contain  an  acid  that  forms  an  insoluble 
compound  with  oxide  of  lead,  and  is  hence  sometimes  used 
as  a  test  to  discover  their  presence.  It  is  also  decom{>osed 
by  heat,  and  gives  acetic  acid  diluted  and  empyreumatic. 

The -neutral  acetate,  formed  by  boiling  the  superacetate 


*  Annaks  de  Chimie,  torn,  xxxvii.  p»  26S< 
f  Nicholson's  Journal,  vol.  vi.  p.  223. 

Vol.  IV.  Hh 


■^^■2 


Ol  ACfflC  ACID. 


with  oxide  of  lead,  is  described  by  Thcnard  as  crfttal- 
lizing  in  plateE :  il  has  a  less  perceptible  saccharine 
than  the  super- acetate  }  it  efflorescea  slightljr  in  the  aiit 
is  less  soluble  in  walcr,  and  forms  a  soluiioii  which  i>  pit- 
cipicated  abundantly  by  carbonic  acid,  while  that  of  ihe 
super-acetate  is  precipitated  sparingly.  It  dissoWM  in 
vinegar,  and  on  evaporation  gives  needl^lite  crysials.  It 
consists,  according  to  hie  analysis,  of  oiide  of  lead  78,  »■ 
cetic  acid  17,  water  5.  Wliat  is  named  Goulard's  Enr»ct, 
prepared  by  boiling  vinegar  on  litharge  until  it  U  s«t*r 
cd  witK  it,  is,  according  to  Dr  Bostock's  obtervaiioai, 
solution  of  neutral  acetate  of  lead. 

Acetic  acid  dissolves  iroD>  the  tnelal  being  oxidized  from 
the  water.  The  solution  is  of  a  reddish  brown  colour 
has  a  sweetish  astringent  taste ;  and  by  evaponttioa  tBeti 
a  gelatinous  mass,  which  ie  deli()uescent  and  eaotly  d^ 
composed  by  heat.  The  use  of  this  solution  is 
in  calico-printing,  has  been  already  mentioned. 

The  remaining  metallic  acetates  present  few 
results.  The  acid  dissolves  tin  only  in  small  quantity, 
the  solution  when  evaporated  is  vi«cid,  and  has  a  IXbi 
Kmell,  Zinc  is  dissolved  by  it  very  readily,  and  by  rri^ 
ration  crystals  in  thin  plates  arc  obtained,  wbici)  ina 
when  thrown  on  ignited  fuel,  with  a  blue  flame,  aaiat 
decomposed  by  heat.  This  salt  is  also  formed  by  decca- 
posing  acetate  of  lead  by  sulphate  of  ziitc.  Mickd  il^ 
solved  by  acetic  acid,  and  the  solution,  by  evaponliMi 
gives  crystals  of  a  green  colour.  Oxiile  of  coball  bfr 
solved  by  it ;  the  solution  U  of  a  pale  rose  cokwr,  W 
forms  a  sympathetic  ink.  Antimony  and  bisoiulk 
scarcely  affected  by  il :  the  vitrified  oxide  of 
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however,  appears  to  be  diBsoIved  in  amdl  quantity.  Oiide 
of  arsenic  is  iaid  not  to  combine  directly  with  it;  but 
when  healed  with  acetate  of  potassa,  a  liquor  is  formed, 
fuming  and  having  a  very  ficeild  odour,  and  which  the 
Dijon  Academicians  found  inflamed  spontaneously,  on  ex- 
posure to  the  air,  and  exhaled  a  dense  foetid  vapour. 

Acetic  acid  acis  on  teveral  of  the  vegetable  products. 
Mr  Hatchet  found,  thai  it  dissolves  resins  and  gum-resins 
without  altering  their  properties.  1[  also  dissolves  gluten, 
as  has  been  already  observed.  Il  is  a  powerful  solvent  of 
camphor  and  essential  oils.  It  combines  with  alkohol, 
and  wlfeii  its  action  is  promoted  by  beat,  converts  it  into 
;i  species  of  ether,  which  has  been  already  noticed. 

The  composition  of  acetic  acid  is  not  well  determined. 
A»  it  affords  the  usual  products  of  the  vegetable  acids 
when  decomposed  by  heat,  it  is  obvious  that  like  them  tt 
contains  carbon,  hydrogen,  and  oxygen.  Lavoisier,  from 
%he  observation,  that  ammonia  is  given  out  in  the  decom- 
pontion  of  acetate  of  pocossa  by  beat,  supposed,  that  a 
portion  of  nitrogen  might  exist  in  the  composition  of  the 
acid.  I'rousl  had  stated,  that  not  only  ammonid,  but  al- 
to pTussic  acid,  is  produced  in  the  decomposition  of  ace- 
tic acid  by  heat ;  which  he  therefore  considers  as  adding 
probability  to  the  conclusion  of  Lavoisier  *.  Trummadorff, 
in  repeating  these  experiments,  did  not  obtain  either  of 
these  products  when  he  employed  pure  acetic  acid  f- 

Acetic  acid,  in  its  various  stales  of  dilution  and  purity, 
is  applied  to  numerous  uses.   Vinegar  is  one  of  the  acids 


fe. 


•  Journal  Jc  Phyiique,  torn.  Ivi.  p.  103. 

t  Nicholwn's  Journal,  vol,  xviii.  p.  S45. 
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ihai  has  been  longest  known,  and  is  exiensirety  useJ  m^ 
condiment  nnd  au  anriEeptic.  It  is  employed  in  mcdtdl 
practice,  and  in  a  number  of  ihc  processes  of  phantucfl 
And  !is  saline  and  metallic  combinjtions  are  used  in  tn^ 
ral  of  the  arts,  as  has  been  already  stated.  ^ 


SECT.  III. 

ki  Till.  I^'TREKACtlVE  rERHKXTATIOr. 


firntEFliCTiON  is  a  pivcesB  to  which  animzl  quturfl   . 
lore  peculiariy  liable.    Some  vegetable  substances,  Im^  | 

'T,  likewise  undergo  it ;  and  if  others,  in  the  uliiiulil 
epontaneoug  decomposition  to  which  they  are  liabU,  ie  ' 
not  gire  out  those  offensive  products  which  characten'tt 
the  putrefaction  of  animal  matter,  they  so  far  present  a- 
miiar  results,  that  their  composition  appears  to  be  com- 
pletely destroyed;  their  principles  enter  into  new  coDibiw- 
tionS,  which  escape  in  the  aifrial  form  ;  and  they  at  lengii 
leave  nothing  but  the  small  quantity  of  earthy  and  mttii- 
tic  mutter,  which  the  vegetable  substance  had  coniiinei 
As  this  change  follows  the  acetous,  and  has  been  supposfd 
to  be  in  general  preceded  by  it,  it  has  been  considered  » 
the  last  of  the  three  stages  of  the  process  of  fermentatioa. 
and  has  been  diatinguished  by  the  epithet  Putrefaciiff- 

Every  kind  of  vegetable  matter  is  liable  to  this  tpK'f* 
of  decomposition  :  there  is  none  but  wliat  ultimate!;  "'f 
cay?,  though  some  resist  it,  or  preserve  their  compoj 
much  longer  than  oihers.  Those  sufTtr  it  most  qai 
which  are  soluble  in  water ;  and  any  vegetable  prin 
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idMi^Ted  in  tliis  fluid,  passes  veTf  speedily  into  It :  the  sur- 
face of  the  liquor  appears  covered  with  a  mould ;  various 
eUelic  fiuids  are  disengaged,  and  at  length  it  is  entirely  de- 
con^poscd.  Those  which  are  not  perfectly  soluble,  if 
merely  kept  humid,  present  nearly  the  same  results.  Oils 
md  resins,  which  refuse  to  unite  with  water  or  imbibe  il« 
mist  any  change  of  this  kind  for  a  long  period,  and  can 
indeed  scarcely  be  said  to  be  subject  to  it. 

The  same  circumstances  favour  this  species  of  sponta- 
neous decomposition,  which  favour  (he  others,  particularly 
humidity,  and  a  moderate  beat.  Any  vegetable  matter, 
kept  perfectly  dry,  is  long  in  exhibiting  signs  of  alteration 
(ir  decay.  A  certain  temperature,  wluch  must  be  less, 
however,  than  what  will  dissipate  the  humidity,  hastens 
the  decomposition,  by  favouring  tb<!  approiimation  and 
cofuequent  exertion  of  (he  aiEaities  of  the  consiituedt 
eJcments.  And  the  presence  of  the  air  often  promotes  tt } 
at  the  same  time,  however,  modifying  the  rciults. 

'The  ^ses  disengaged  during  this  decomposition,  are 
combinations  of  tlie  principles  of  the  vegetable  substance. 
According  to  Saussure /unur,  they  are  compounds  of  hy- 
drogen with  carbon,  forming  inflammable  gases  and  car- 
bonic acid.  The  former  appear  principally  when  the  ac- 
tion of  the  atmosphere  h  excluded,  by  the  substance  be- 
ing immersed  under  water:  the, btter  is  produced  when 
the  air  is  admitted,  and  its  production  depends  in  a  great 
fttcasure  on  the  action  of  the  oxygen  of  the  atmosphere  *. 
A  portion  of  water  appears  also  to  be  formed,  by  the  u- 
nion  of  pin  of  the  oxygen  and  hydrogen  of  (he  vegetable 
oisttrir. 


'  RcchereliM  Cliimiquf*,  p.  137- 
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The  principal  difference  between  (his  8pect«9  of  decom* 
position,  and  the  putrefaction  of  ^iniinal  matter,  is,  tint 
there  is  no  evolution  of  ammoniii,  or  of  those  fcetiil  i 
binations  which  characterize  the  latter.  This  is  owt 
the  absence  of  nitrogen,  which  is  essential  to  the  fo 
lion  of  these.  And  accordingly,  those  yarieties  of  Tcgrti- 
blc  matter  which  contsin  this  element,  presem,  in  their  iJ- 
timate  decomposition,  results  similar  to  those  of  aninnJ 
substances :  such  is  the  case  with  all  those  which  contain 
gluten,  and  with  gluten  itself  in  its  pure  form. 

The  residual  matter  of  vegetable  substances,  after  tbil 
decomposition,  fre<iuentl]r  contains  a  large  proponioacf 
carbon,  especially  when  formed  from  those  prmctplet  in 
which  this  element  is  abundant,  as  ftom  the  ligneoas 
ler;  and  this  may  remain  long  unaltered,  the  other  pi 
pies  which  re-act  upon  it  having  been  abstnctcd  in  it 
progress  of  the  decomposition.  A  rcstduiun  of  tha  hoi 
formi  that  black  soft  matter  which  has  been  named  Vt^t- 
tjble  Mould,  and  which  constitutes  so  importani  a  pan  of 
the  soil. 

\Vhen  this  is  obtained  free  from  the  tmdecompoied 
getable  matter  more  or  less  mixed  with  it,  it  appeanfimi 
the  researches  of  Saussure,  who  hu  particularly  czin^ 
cd  it  *,  to  be  nearly  uniform  in  its  compotition  and  pto- 
peilies.  Subjected  to  distillation,  it  gate  carburettrd  hy- 
drogen,  and  carbonic  acid  gases ;  water  botdtng  in  leli- 
tion  acetate  and  sometimes  carbonate  of  amnianai  *"'' 
unall  qoaotity  of  empyrcuaatic  oil,  learing  cbxrcodt  *<^ 


>  Rccbercbcs  CUiniqmt,  p.  1K& 
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Ttftoni  saline  and  earthy  ingredients.  From  these  pro- 
duct&  it  follows,  that  the  mould  contained  less  oxygen, 
RMTC  carbon  and  more  nitrogen,  than  the  vegetable  mat- 
t«  from  which  it  had  been  formed  ;  though  part  of  this 
nitrogen  must  probably  have  been  derived  from  the  ani- 
mal matter  unavoidably  mixed  with  it. 

The  acids  do  not  exert  any  very  striking  action  on  this 
owuld  i  they  dissolve  its  earthy  and  metallic  ingredients. 
The  fixed  alkalis  dissolve  it  almost  entirely,  and  evolve  am- 
monia during  the  solution.  Alkohol  merely  takes  up  a 
tittle  resino-exiractive  matter.  Water  likewise  dissolves 
a  small  quantity  of  extract. 

Saussure  has  remarked,  as  has  been  above  stated,  that 
vegetable  mould,  though  the  result  of  the  putrefactive 
process,  is  not  itself  susceptible  of  putrefaction,  but  even 
ruhcr  retards  it ;  hence  it  remains  unaltered,  evidently 
from  the  cause  already  assigned,  that  no  oiher  principles 
are  present  in  sufEcient  proportion  to  act  on  the  carbon 
acciunuiaied  in  it.  This,  however,  is  to  be  understood  of 
iti  only  when  the  air  is  excluded  ;  for  when  exposed  19 
the  atmosphere,  it  suflers  a  gradual  change,  until  it  is  en> 
tirely  uecomposed.  The  oxygen  of  the  air  combines  with 
in  cvbon,  forming  carbonic  acid,  as  Saussure  found  by 
inclosing  it  over  quicksilver,  in  atmospheric  air  or  oxygen 
gM.  While  this  proceeds,  the  abstraction  of  carbon  ap- 
pears to  allow  part  of  the  oxygen  and  hydrogen  of  the 
mould  to  combine  and  form  water  i  for  it  loses  more  of 
it*  wcifhc  than  can  be  accounted  for,  merely  from  the 
•{■antiiy  of  carbon  abstracted.  These  changes  continue 
10  proceed  in  a  certain  relation  to  each  other,  and  termio- 
ate  at  length  in  the  entire  decomposition,  leaving  the  earthy 
Hh4 
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and  metallic  substances  originally  contained  in  the  vrgi- 
table  matter.  We  perceive  from  this  view,  how  itecn- 
isry  the  frequent  turning  up  of  the  soil  is,  to  enable  the 
vegetable  mould  to  form  a  proper  manure,  by  decompasingi 
and  affording  carbonic  acid  to  the  growing  plant.  Anil 
we  discover  also  the  cause  of  the  inertness  and  unfeniblf 
efthat  accumulation  of  it,  which  prlncipalljr  coiistiiutn 
peat  and  morass,  and  which,  if  not  subjected  to  cemin 
operations,  remains  for  ages  unchanged. 

■  Whsn  the  slow  and  spontaneous  decomposition  of  k- 
'getTible  substances  Is  conducted  under  peculiar  circum- 
stances, the  result  is  the  accumulation  of  carbon  in  the  n- 
tidual  matter ;  and  beyond  this  the  decomposi^on  frequent- 
ly does  not  proceed.  The  circumstances  on  which  ihisis 
dependent,  are  not,  perhaps,  perfectly  determined  ;  but 
they  seem  to  be,  principally,  a  due  humidity,  a  certain  de- 
gree of  compression,  and  the  exclusion  of  atmospheric  air. 
These  circumstances  are  all  present  when  the  substance  U 
buried  to  some  depth  in  the  earth,  and  it  is  in  this  situa- 
tion that  this  species  of  spontaneous  decomposition  isbts: 
exemplified. 

We  can  perceive,  so  far  at  least,  how  these  circumstin- 
ces  operate  in  giving  rise  to  this  peculiar  result,  A  cer- 
tain degree  of  humidity  is  requisite  to  favour  the  mumil 
actions  of  the  principles  of  the  vegetable  matter.  Ww 
the  atmo^iphcre  freely  admitted,  its  oxygen  would  moiJif^ 
these  actions,  and,  in  particular,  by  its  aflinity  to  carbcn, 
would  abstract  the  greater  part,  and  allow  the  remainm;: 
principles  to  enter  into  other  combinations.  Comprfswn 
seems  to  operate  by  preventing,  or  at  least  opposing  i"' 
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foimation  of  elastic  compounds :  were  it  not  present,  it  is 
probable,  that,  in  the  re-action  of  the  elements  of  the  ve- 
getable matter,  the  oxygen  would  combine  partly  with  hy- 
drogen, and  form  water,  and  partly  witli  carbon,  and  form 
carbonic  acid.  But  compression  opposing  an  obstacle  to 
the  formation  of  the  latter  substance,  the  combination  of 
oxygen  with  hydrogen  is  determined,  and  thus  carbon  re- 
mains predominant  in  the  residual  matter. 

It  is  obvious,  also,  that  those  kinds  of  vegeiablt:  matter 
which  contain  the  largest  proportion  of  carbon  will  be 
those  most  susceptible  of  tbJs  species  of  decomposition,  and 
which  will  eiihibit  most  completely  this  result.  Hence  wc 
find  it  conspicuous  in  wood. 

On  these  principles,  I  conceive,  may  be  explained  tht« 
species  of  decomposition,  the  existence  of  which  cannot 
be  doubted,  since  we  perceive  it  particularly  exemplified 
in  the  instance  just  now  quoted,  of  wood  that  has  been 
kepi  humid,  and  buried  to  a  certain  depth.  And  ihc  va- 
rious coally  and  bituminous  substances  which  are  found  in 
the  earth  have  been  probably  formed  by  some  such  pro- 
cess. Their  origin  from  vegetables  is  clearly  marked  in 
their  composition  and  properties ;  they  are  inflammable ; 
afford,  by  destructive  distillation,  or  combustion,  the  usual 
products  ef  vegetable  matter ;  the  remains  of  vegetable 
and  animal  substances  are  often  found  intermixed  with 
them,  indicating  their  origin ;  and  we  can  even  trace  the 
gradation  from  wood  slightly  changed  to  those  which  are 
most  remote  from  the  ligneous  texture.  These  bitumens 
have  been  ^ready  considered. 
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BOOK  IX. 


OF  ANIMAL  SUBSTANCES. 


I  J.  HE  chemical  history  of  Animal,  like  ihatof  Vrgenbk 
L  Substances,  may  be  comprised  under  three  divisioDS.  In 
I  iiw  &rBt  may  be  considered,  wlut  relates  to  tbeii  fomu- 
tioOi  so  f:kr  as  this  is  dependent  on  chemical  action.  Un- 
der the  second  may  be  described,  the  varieties  of  animal 
matter, — their  chemical  properties  and  combi nations:  And 
their  history  may  be  concluded,  with  an  account  of  ih: 
decompositions  they  suffer,  and  the  spontaneoua  cbangct 
to  which  tliey  are  liable. 


Of  THE  FORMATION  Of  ANIUAL  SUBSTANCES. 


xVNIMALi  like  vegetable  substances,  are  formed  of  a 
few  simple  principles  i  the  differences  in  their  properties 
arising  from  rariaitons  in  the  proportions,  and  in  th« 
modes  in  which  these  are  combined.  They  are  equally 
susceptible  of  decomposition,  or  even  more  so ;  the  ba- 
lance of  affinities  whence  they  exist,  being  altered  by  very 
(light  causes,  and  their  principles  euUy  entering  into  new 
comlnnationB. 

There  are  certain  chemical  characters,  by  which  the  ani- 
mal are  distingaished  from  the  vegetable  products.  They 
are,  in  particular,  more  liable  to  that  species  of  sponta- 
neous decomposition  named  Putrefaction.  Vegetables  in 
a  humid  state,  pass  into  the  vinous  or  acetous  fermenta- 
tion, or  suffer  that  species  of  decomposition  whence  car- 
bonic acid  and  carburetted  hydrogen  gases  are  disengaged, 
and  charcoal  remains.  Animal  substances  are  liable  to 
none  of  these  changes,  or  at  least  are  Httle  dicposed  to 
pas*  into  ihem  i  they  rather  undergo  the  putrefactive  fer- 
mentation, or  their  elements  enter  into  new  combinations, 
the  principal  of  which  are  ammonia,  and  certain  elastic 
fluids  more  compound  than  those  formed  in  the  decom- 
position of  vegetable  matter. 
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Wlien  vegetables  are  decomposed  by  heat,  the  prodacti 
of  the  decomposiiion  are  etnp^eumatic  oil  and  add,  cat' 
buretted  hydrogen,  carbonic  os'tde,  and  carbonic  acid 
gases,  the  residuum  being  chjrcoal.  Some  afford  ammo- 
nia, but  it  is  yielded  only  in  small  quantity,  and  by  a  few 

L  of  tliem.      Animal  substances,  along  with  the  usual  pro- 

P  ducts  of  the  analysis  of  vegetable  matter,  invariably  afibrd 
%  large  quantity  of  ammonia  when  they  are  decomposed 
by  heat.  They  give  also  some  other  peculiar  products, 
particularly  compounds  of  sulphur  and  phosphorus  with 

I  bydrogen,  the  prussic  acid,  and  phosphoric  salts. 

I  These  diiTerences  between  the  animal  and  vegetable  pio- 
dncU,  arise  from  the  difference  in  their  chemical  compo- 
lutton.  That  of  animal  substances  is  more  cornplicaied 
than  that  of  vegetable  matter,  as,  besides  carbon,  hydro- 
gen, »nd  oxygen,  they  contain  nitrogen,  and  generally 
phosphorus  and  sulphur.  The  presence  of  these  princi- 
ples dividing  the  attractions  subsisting  between  the  car- 
bon,hydrogen,  and  oxygen,  weakens  their  force,  and  hencf 
these  complicated  compounds  are  more  Hable  to  decom- 
position, and  their  elements  have  a  powerful  tendency  to 
enter  into  binary  or  ternary  combinations.  To  this  cau^e 
is  owing  the  great  susceptibility  of  decomposition  whicl 
characterizes  the  animal  products. 

The  peculiar  products  they  afford  by  their  analysis,  de- 
rive their  origin  from  those  principles  which  are  peculiiir 
to  ihem,  or  which  are  at  least  contained  in  less  quamiiy 
and  less  generally  in  vegetable  substances.  Tlie  nitrogpi:, 
which  may  be  consiiJorfd  as  the  principle  that  peculjatly 
gives  them  their  char^cicr,  by  combining  with  hyilto^ui., 
fi!::ii:hcs  the  amn-.oiiiji    formed  boih  during  their  pu;7;- 
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6eriof)  and  iheir  dccom  [position  by  he-At  t  it  forms  a  prln- 
dpal  componeni  pait  of  the  pruswc  ai-iil,  and  it  enters  h- 
CO  the  coDiposiiion  of  the  gases  tliey  give  out-  This  pT«- 
dommance  of  tiitrogcn  in  aijimal  rnaticr,  is  shewn  hj  tht 
aciion  of  tlie  nitric  acidt  which  discngagtr^  it  iii  confidcra- 
ble  cjuantity,  and,  if  the  experiment  be  propetlv  coiidlict- 
rd,  without  the  acid  itself  suffering  any  d  (.-com  portion. 

Phosphorus  is  another  substance  present  iit  the  great* 
er  number  of  the  animal  substanci's,  and  almost  peculiar 
to  ihcm.  During  ihcir  decomposition  it  enters  into  new 
combinations,  particnlarly  with  hydrogen  and  ;iilr<^eni 
aud  forms  those  compound  gases,  the  extrication  of  which 
acconpanies  the  putrefaction  and  decomposition  by  heat 
of  those  subsiancea.  If  they  are  decomposed  by  the  ac- 
iion of  nitric  acid,  it  is  convened  into  phosphoric  acid, 
and  remains  mixed,  as  Berthollet,  in  his  observations  oa 
animal  matter,  shewed  *,  with  the  oxalic  acid  usually 
formed  in  that  process.  On  its  presence  also  depends 
the  abundance  of  neutral  salts,  formed  by  the  union'of 
phosphoric  acid  with  the  oxide  of  iron,  the  earihs,  and  al- 
luilis,  which  are  so  genemlly  afforded  by  their  analysis. 

Sulphur  is  liliewise  a  component  part  of  several  animal 
sobstances,  and  must  of  course  enter  into  the  composition 
of  tltc  products  of  their  decomposition. 

It  may  be  added  as  another  general  diSt-rence  in  com- 
pocilion  between  animal  and  vegetable  substances,  that 
the  former  contain  less  carbon,  and  more  hydrogen  than 
ihetiuer.  Carbon  appears  to  be  ilie  base  of  vegetable 
,  to  which  oxygen   and    hydrogen   are  attached. 


*  Mvmoiiet  de  I'Acad.  dei  Scicncei,  I7S5,  p.  348. 
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Hydrogen  ii  perhaps  the  pnncipal  component  panof  n>^ 
aal  matter  combined  with  nitrogen)  oxygen,  carbon  asd 
{ihosphorus.  Hence  in  the  decomposiiion  of  atuRul  sul>- 
itances,  much  empyrcumatic  oil  is  obtained,  of  which 
hydrogen  is  the  chief  constituent,  while  another  potoonoj 
hydrogen  is  spent  in  the  formation  of  ammonia.  In  ge- 
neral, the  animal  substances  contain  less  oxygen  than  ibe 
vegeublc,  as  they  afibrd  less  acid  by  their 


in  investigating  the  formation  of  the  animil  pnxhicti, 
there  can  be  no  doubt  of  the  truth  of  the  general  propoft- 
tioti*  that  they  are  derived  from  changes  effected  by  the 
animal  system,  on  vegetable  matter.  All  aniraala  lire  di- 
rectly or  indirectly  on  vegetables,  and  derive  from  ihea 
their  principal,  almost  their  sole  suppott.  Bcfon  proceed- 
ing, therefore,  to  the  particular  coDsideration  of  tbc  am< 
mal  products,  it  is  necessary  to  take  a  general  view  of  tbe 
process  by  which  they  are  formed.  Tliis  leada  to  ihrcon* 
sideration  of  Digestion,  Respiration,  and  Secretion,  the 
three  functions  which  compose,  by  their  union,  the  pro- 
cess of  animalization.  Though  these  functions  are  in  some 
measure  regulated  by  laws  peculiar  to  the  living  sysiest, 
these  undoubtedly  do  not  suspend  the  cienion  of  ihe  uiiul 
hiws  to  which  the  matter  concerned  in  them  is  subject.  Af* 
finitieaare  exerted  between  the  particles  of  that  matter,  ml 
new  combinations  are  established  ;  and  it  belongs  to  ch^ 
misiry,  therefore,  to  trace  these  combinations  and  the  or* 
cumsiances  by  which  they  are  modi6ed,  and  thustorfu- 
cidate  the  phenomena  of  physiology  conneaed  wtthth**! 
actions. 

An  important  distinction  exists  between  animals  afldw* 
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getaUeSf  in  the  mode  in  wUch  they  receive  nourishment. 
Vegetables  are  constantly  absorbing  matter  from  the  soil ;: 
it  immediately  passes  into  the  general  sap»ve8sels»  and  is 
soon  changed  by  respii^tion  and  secretion.  Animalfi»  on 
the  contraryi  with  few  exceptionsi  take  in  food  at  inter* 
valst  and  retain  it  in  their  stomach  for  a  considerable  timet 
whefe  it  undeigoes  a  chemical  change*  It  is  this  whieh 
constitutes  the  function  of  digestion,  the  first  step  in  the 
process  by  which  animal  matter  is  formed. 

In  the  process  of  digestion^  the  food  is  subjfcted  to  a 
temperature  usually  above  90  of  Fahrenheit ;  it  is  mixed 
with  the  gastric  juice,  a  liquor  secreted  by  the  glands  of 
the  stomachi  and  is  made  to  undei;go  a  moderate  and  aU 
temate  pressure,  by  the  contraction  of  the  stomach  itself. 
It  is  thus  converted  into  a  soft  uniform  mass  of  a  greyislv 
colour,  in  which  the  previous  texture,  or  nature  of  the 
aliihent,  can  be  no  longer  distinguished. 

In  the  production  of  these  changes,  the  gastric  juice 
appears  to  be  the  principal  agent.  It  has  been  proved  by 
the  experiments  of  Stevens,  Spallanzani,  and  others,  that  it 
possesses  a  solvent  power,  or  that,  independent  of  any 
beat  or  pressure,  and  even  out  of  the  body,  it  is  capable 
of  dissolving  animal  and  vegetable  matter.  At  the  :same 
time^  these  circumstances  must  promote  its  action,  and 
they  muM  therefore  be  assistant  causes  in  the  process  of 
digestion.  In  the  granivorous  animals,  trituraxion  espe- 
cially, from  the  action  of  the  stomach,  has  a  very  im- 
portant share  in  reducing  the  food  to  that  state  in  which 
it  is  more  easily  acted  on ;  while  in  carnivorous  animals, 
which  have  a  membranous  stomach,  the  efTect  is  produced' 
almost  entirely  from  the  action  of  the  gastric  fluid. 
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It  has  often  been  observed,  ilut  wluterer  may  be  tht 
Lbul  of  food,  the  pulpy  mass  \n:o  which  it  is  resolved  in 
tbe  stomach  is  in  appearance  ncirly  the  same.  Tbe  na- 
tOTe  of  [he  change  which  it  sufTeis,  has  not  been  well  as- 
certained.    It  does  noi  seem  to  be  resolved  into  its  iihi> 

'  mate  principles,  from  which  new  combinations  are  foriB- 
ed.  The  Skiluble  pans  of  the  vegetable  sod  animal  food) 
.die  mucilage,  fecula,  sugar  and  oil,  of  the  one,  the  gelatin, 

f  albumen  and  other  principles  of  the  Other,  are  rather  le- 
parried  from  tlie  inEolublo  parts  of  escb,  and  brought  at- 
Ua  state  of  intimate  mixture  wilb  each  other,  sow  to  be 
more  readily  acted  on  by  the  other  chemical  powers  (a 
which  it  is  to  be  exposed.  It  is  at  itie  same  time  piitial- 
iy  animalized  by  the  mixture  of  the  saliva,  and  g»rric 

'  juice,  by  which  probably  its  further  assiniiUtlon  ii  facili- 
tilted. 

The  chyme,  as  this  pulpy  mass  into  which  the  food  in 
the  stomach  is  resolved  is  named,  passes  by  the  pylonu 
into  the  intestinal  canal,  where  it  is  mixed  with  the  pan- 
creatic juice,  and  the  bile,  and  is  still  exposed  to  the  same 
temperature  and  alternating  pressure.  The  thinner  pant 
of  it  are  absorbed  by  the  slender  tubes  termed  the  Lu- 
teals :  the  liquor  thus  absorbed  is  of  a  white  colour : ''. 
passes  through  the  glands  of  the  mesentery,  and  is  it 
length  conveyed  by  the  thoracic  duct  into  the  blood. 

This  part  of  the  process  is  termed  Chyli6cation,  aod 
the  white  liquor  thus  formed  Chyle.  It  is  an  opJ<)B< 
milky  fluid,  mild  to  the  taste.  By  standing  for  some 
time,  one  part  of  it  coagulates  ;  anotlker  portion  is  coaf- 
hted  by  heat. 

\Ve  know  little  cf  the  u;iturc  of  the  changes  which  t:-' 
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(thate  ChyliGcation.  Some  haTc  supposed  that  the  bile, 
or  some  put  of  it,  combines  with  paf  t  of  the  food;  and 
aninialize*  it  ^  while  others  suppose  it  to  be  otiJ^  an  excrc- 
memitioiM  fluid,  and  to  bo  u&f?ful  in  nothing  but  in  stimn- 
tuJDg  the  intestiiica  lo  action.  Neither  opinion  has  been 
ptorcd,  though  ihe  fonner  (eems  more  probable  than  the 
latter,  from  the  large  quantity  of  bile  secreted,  compared 
with  the  quantity  dischai^ed  from  the  intestines.  We 
koow  still  less  of  the  changes  which  the  chyle  sufferi  la 
Its  passage  through  the  mesenteric  glands  -,  but  by  the  ge- 
neral  process  it  is  evident)  that  it  is  assimilated  to  the  na- 
inre  of  animal  matter,  as  it  possesses  the  property  of  afba- 
men,  of  being  coagulated  by  heat. 

The  chyle,  after  mixing  with  the  lymph  conveyed  by 
the  absorbent  vessels,  is  received  into  the  blood  which 
lixs  returned  from  the  extreme  vessels,  and  before  it  pa»- 
•n  to  the  heart.  All  traces  of  it  are  very  soon  lost  in  the 
blood,  as  it  mixes  perfectly  with  that  fluid.  It  is  proba- 
Ue,  however,  thai  its  nature  is  not  immediately  complete- 
ly iheied.  The  blood  passing  from  the  heart  is  convey- 
ed to  (he  longs,  where  it  circulates  over  a  very  extensive 
BViiige  presented  to  tlie  atmospheric  air,  with  the  inter* 
▼•ntion  of  a  very  thin  membrane,  which  does  not  pre- 
*mt  their  mutual  Ktion.  Duting  ibis  circulation,  the 
lA'od  loses  a  considerable  quantity  of  carbon,  part  of 
*liidi,  it  it  probable,  is  derived  from  the  imperfectly  assi- 
■•ilswi  chyle,  as  this,  originating  in  part  from  vegetable 
•"^tier,  must  contain  carbon  in  larger  proportion  than  evef» 
"*«  blood  itself.  In  the  process  of  respiration,  we  have 
^Q^jreason  to  believe,  as  1  shall  soon  have  to  observe,  that 
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oijrgen  md  another  of  nitrogen  are 
ich  enter  into  the  composition  of  the  btood.  ^ 

The  process  of  sanguification,  however,  is  probacy 
yet  completed.  The  blood  leiaTning  to  the  heart,  is  i 
tnbuted  over  the  whole  body.  In  the  extreme  Tcsselrk 
lergoes  a  certain  change,  is  converted  from  the 
the  renous  state,  and  though  this  is  connected  n 
different  species  of  secretion,  yet  it  is  probable  also,  tte 
in  these  vessels  the  process  of  antmalization 
There  remains,  as  the  result  of  it,  a  redundaiKe  of  ofc 
hon  1  and  the  venous  blood  is  brought  back  to  the 

conveyed  to  the  lungs,  where  this  excess  of  ntlNi' 
discharged. 

now  examine  the  composition  of  the  btoodg 
id  it  to  be  entirely  diffi^rent  from  that  of  vegetaUe  i 
ler,  from  which  it  is  ultimately  derived.  It  is  a  hilill 
geneous  fluid,  composted  of  viirioui  principles  which  « 
can  easily  distinguish,  and  which  all  possess  the  gcncnl 
characters  of  animal  matter. 

From  this  fluid  the  solids  seem  to  derive  their  iwurisb- 
ment,  by  attracting  immediately  tlie  principles  whicb  >i 
contains  ready  formed  ;  for  there  is  perhaps  nos(^>> 
the  animal  body,  of  which  not  merely  the  ultimate,  but 
even  the  immediate  principles  exist  in  the  blood. 

There  is  another  process,  liowcver,  that  of  Seattiw. 
by  which  new  products  are  formed.  In  the  course  of  lit 
circulation,  the  blood  is  conveyed  to  certain  oi^ans  Dan"' 
Glands,  and  is  there  entirely  changed  in  its  cherotcal con- 
position,  so  as  to  form  various  products  not  pre-eufi"! 
in  the  mass  of  blood,  and  which  form  some  of  the  W 
important  varieties  of  animal  matter. 
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Virious  hypotheses  have  been  given  of  the  nature  of 
thb  process.  At  one  time  it  wa3  regarded  as  mechanical, 
as  a  species  of  filtration  ;  but  the  mere  fact,  that  the  pro> 
docts  are  different  from  any  existing  in  the  blood,  affords 
a  tufficieat  refutation  of  the  opinion,  while  it  proves  it  to 
be  Strictly  chemical.  A  fluid  is  received  into  cerlain  ves- 
scb  J  in  these  its  composition  is  changed,  not  merely  from 
the  abstraction  of  principles  previously  existing  in  it,  but 
from  new  combinations  of  its  elements.  From  the  descrip- 
tion of  this  process,  therefore,  ii  is  evident,  that  it  consists 
of  a  series  of  chemical  actions. 

But  if  we  endeavour  to  investigate  bow  these  are  ef- 
fected,  or  inquire  by  what  powers  these  new  cheminl 
compounds  are  formed,  we  find  ourselves  engaged  in  a 
task  of  the  most  difficult  kind.  In  the  structure  of  the 
flsub  we  perceive  nothing  but  a  series  of  convoluted  ves- 
sels, tbrough  which  the  blood  circulates,  and  we  arc  un- 
able  to  discover,  how  the  action  of  these  vessels  can  oper- 
ate to  as  to  form  one  new  product ;  f.ir  leas,  how  difiirr- 
CDt  glands  can,  from  the  same  fluid,  form  substances  en- 
tirely difierent  in  their  chemical  composition  and  proper- 
tiM. 

Some  physiologists  have  sought  to  solve  tliis  difiiculiy 
bjr  sayhig,  that  secretion  ts  the  effect  of  the  vital  power 
of  the  secreting  organ  -,  not  aware,  perhaps,  that  this  is  af- 
Jonling  no  explanation,  but  acknowledging  an  occult  cause. 
lOigcftion  was,  for  a  time,  ascribed  by  those  who  were 
iliiiitinfiril  with  the  hypotliesis  of  fermentation  or  of  rae- 
vhanical  trituration  to  vital  action ;  and  the  production  of 
animal  licat  was  referred  to  the  same  cause.  We  know 
now,  that  these  are  the  e0ects  of  processes  strictly  chcmi- 
I  i2 


c  Ban  jppcmd  at  vbcmb^  ^^] 

b  iriigfttlie  siippowd,aa  ooe  made  of  Wirog  Aati 
fcnltin,  oa  dMMC^  piiiKifir^  dt  d*  aattCT  irf  wMA 
die  ^9Md  diMniiW,  OHM  M  ilHMliuii  to  one  or  odn  ef 
ibe  dtmttau  at  At  Uood,  by  wUcb  the  ardB  of  «n»  j 
tions  beiag  brokro,  Dev  piodecis  say  be  (ormti.  Bv  J 
Uk  obrioM  objccucn  to  ihb  opioioii  b,  dnt  dw  |UaiiUM 
matter  mutt  undergo  a  proponioial  change  ;  a  dui^^fl 
uriy  mcooipatible  with  the  office  k  n  designed  ta  p^l 
fOtmt  or  em  with  iu  existence  U  an  orgaaizcd  pait.       ■ 

Ob  ■  whycct  so  obscoie,  it  it  impowible  to  gm  flW 
than  hypothesis;  and  e»en  diit  can  be  sapporied  byliirl: 
direct  proof.  Yet  if  it  afford  any  tolerable  explanation  •( 
the  phenomena,  It  is  always  adfanclng  one  step,  and  aa^ 
giTc  rise  to  new  views.  It  may  perhaps  be  supposed,  (bat 
the  Close  productive  of  the  new  combinations  which  «» 
Slitute  secretion  is  the  simple  approximation  of  the  e^^ 
tnents  existing  in  (he  blood.  That  fluid  is  propelled bji 
vii  a  terg»  into  canals  of  the  most  astonishing  minuirttflii 
the  diameters  of  which  are  still  farther  diminished,  Iriin 
dien-  alternate  contraction  from  the  stimulus  of  the  btaoL 
There  can  be  no  doubt,  that,  in  compounds,  the  iaea'i 
attraction  subsisting  bttween  iheir  constitueiu  {Mrtifk"" 
modified  by  the  distances  at  which  these  are  pbc«d ;  *^ 
in  compounds  especially  which  consist  of  four  er  nxn 
pfinciplci,  the  slighloat  ajteraiion  in  their  rebtire  siim'i^" 
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u  tnfficient  to  change  vntlrely  (htir  existing  attractions) 
and  indD«e  new  combinations.  The  blood  is  a  compound 
of  Ms  kifld  I  tK  ulilmnte  principles,  too,  an  capable  of 
entering  into  nn  innumerable  variety  of  comttinHtions  with 
each  other.  We  may  conceive,  therefore,  that,  when  sub- 
jetted  to  ihe  contraction  of  the  extremely  minute  vessels 
through  which  it  is  forced  to  circulate,  the  relative  posi- 
tions of  its  elements  will  be  changed,  their  attractions 
will  of  course  be  nltcred,  and  new  combinations  formed. 
And  if  we  suppose  a  fluid  thus  passing  through  tubes  of 
diffemit  diameters,  and  undergoing  successive  decomposi-  ' 
tions,  we  may  easily  conceive,  that  very  different  products 
Buy  be  formed  from  the  same  original  compound. 
'  This  affords  a  very  simple  view  of  the  nature  of  secit- 
dofi.  Ko  compticated  apparatus  is  requisite  fur  the  per- 
fsRnatwe  of  the  mere  change,  all  th^t  is  necessary  hctog 
the  |iroptilsien  of  the  blood  through  extremely  minute  ve»- 
wU,  capable  of  contraction.  It  ha*  accordingly  freijuent* 
ly  been  observed,  that  new  products  are  in  different  cases 
fomed  without  the  tnten'ention  of  glands  -,  such  is  the 
DntiMtiDn  of  the  fat,  of  the  solid  fibre,  and  of  various  o- 
thcr  parts.  It  is  easy  to  conceive,  that  the  formation  of 
tbcM  miy  Hike  place  in  the  extreme  vessels,  where  these 
peodccti  arc  deposited  ;  and,  in  like  manner,  in  the  mere 
counc  of  the  circulation,  may  be  formed  the  ginten,  >]• 
bttiBcn,  and  other  principles  of  the  blood  itself. 

It  is  easy  ^so  to  account  for  the  variarions  to  which  se- 
ctetionis  liable,  as  (he  contractions  of  the  vessels  must  vary, 
from  vatiatloiis  in  the  state  of  their  init;»ljiliiy,  or  of  the 
which  may  be  applied  to  them, 
secretion  a  variety  of  pn>ducts  are  formed,  a»  the 
I  I  n 
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bile,  milk,  fai,  th«  bony  matter,  tbe  roitut  of  atembRiKi, 
and  a  variety  of  others.     These  complete  tl>e  fonnatii 
of  animal  matter,  aiid  comprehend  iu  several  varieties 

Such  ate  the  differeot  steps  of  the  process  of  aninolu^ 
lion.  Tbe  food  is  digested  in  the, stomach*  mixed  with 
anim^  nutter  in  the  intestine  caual,  and  coarened  iats 
chyle.  This  mingles  with  tbe  blood,  loses  a  poitioa  of  i 
bon  in  the  lungs,  and  perhaps  receives  some  oxygen  nd 
nitrogen :  in  the  extreme  vessels  it  is  finally  coaverte 
to  tlie  general  principles  of  animal  matter*  and,  in  die 
gliindg,  is  converted  into  various  secreted  prodacts* 

Since  the  different  varieties  of  animal  matter  an  dw 
ultimately  formed  by  the  processes  of  digestion  and  ntft- 
ration,  it  becomes  an  object  of  inquiry,  whether,  from  iIk 
principles  known  to  be  conveyed  by  these  procencs,  «t 
can  explain  their  formation.  Their  ultimate  elemeatl  MB 
carbon,  hyiirogen,  oxygen,  nitrogen,  sulphur,  and  |lhl»> 
phorUB,  with  minuter  portions  of  lintc,  iron*  potaibt  arf 
soda.  Arc  these,  or  any  of  them,  formed  by  the  uiobI 
system,  or  are  they  merely  introduced  into  the  bodyfnn 
without,  and  brought  into  new  combinattotu  ?  Tbit  tpf^ 
tion  it  is  perhaps  unnecessary,  in  our  present  Sgnorancesf 
what  arc  tniely  the  elements  of  matter,  to  invcftJgaUi 
since  tbe  greater  number  or  all  of  these  may  be  oompomis 
many  of  them  perhaps  of  principles  with  which  ve  an 
yet  unacquainted.  Yet  it  is  so  far  interetting  to  tnce  ibet 
obvious  origin  where  this  can  be  done. 

With  regard  to  carbon,  hydrogen,  and  oxygen,  thmii 
no  difficulty.  They  exist  in  vegenblc  maucr  in  a  pcopA- 
tion  even  larger  ilian  that  in  which  ihey  exJst  in  the  ab- 
ma]  products,  and  it  is  cTidcat,  therefore]  that  they  st 
conveyed  by  the  food. 
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To  trace  the  origin  of  the  nitrogen  in  tlic  animal  sjre- 
teiD  is  more  diiTiculi.  It  exists  in  small  quantity  in  vege- 
table matter,  und  oiity  in  some  variciiei  of  it ;  atid  as  many 
animals  live  eniirdy  on  vegetable  food,  and  almost  all 
may  be  brought  to  live  principally  on  ic,  it  is  far  from  be- 
big  evident  whence  the  nitrogen  so  abundant  in  tbe  com- 
position of  both  their  solids  and  fluids  is  derived.  It  has 
been  supposed  to  be  received  in  reKpiration.  Priestley, 
Goodwin,  Davy,  »nd  other  chemists  found  rcssoD  to  con- 
clude, from  their  experiments,  as  is  afterwards  to  be  stated, 
that  there  is  a  consumption  of  nitrogL-it  in  the  lungs;  and 
ibts  would  afford  an  abundant  source  whence  all  the  nit- 
rogeo  found  in  the  animal  system  may  be  derived.  The 
£tct  however  is  doubtful ;  and  it  is  not  impossible  that 
lllM  tlitrogcQ  may  have  a  different  origin.  It  has  been  in- 
fcmdi  thai  vegetable  substances  contain  none  of  this  prin- 
tiple,  aa  they  in  general  afford  no  ammonia  tn  their  de- 
composition by  beat ;  but  it  may  be  present  in  smaller 
quantity,  and  enter  into  the  composition  of  other  products 
of  that  decomposition ;  and  a  sufficient  quantity  of  nitro- 
gen may  be  contained  in  the  vegetable  matter  used  u 
food,  to  afford,  by  accumulation  iji  (he  system,  all  that  ex- 
Uu  in  animal  matter.  In  all  our  researches  on  (Questions 
similar  to  this,  it  is  also  to  be  recoliecied,  that  ilie  subsian- 
CM  which  we  at  present  regard  as  simple  may  be  com- 
pound i  and  thu<!,  nitrogen  may  either  be  a  compound  sub- 
stance, CT  may  exist  in  the  composition  of  others,  which 
our  impcKect  knowledge  ranks  as  ek-mentiiry. 

I'hosptiorus  is  anoihcr  substance  which  exists  in  sparing 
(Quantity  in  vegetables,  and  is  contained  more  abundantly 
lal  miitcr.     Its  origin  is  not  less  obscure.     Some 
t  i4. 


J 

J 


J 


.sat 


OF  AXIMAJ-  SUSSIANCEK. 


bave  Eappoeed,  that  it  U  a  product  of  animalizadtm ;  whidi 
appears  oot  knptobabk,  when  we  consider  the 
ol  phoephotus  which  exists  in  ih«  solids  thu 
the  animal  fabric,  and  the  large  quantity  of  photptxnc 
baits  diicliaiged  as  cicrementttious.  It  appearsi  indeed, 
that  a  considerable  proportion  of  it  is  contained  in 
varieties  of  vegetable  matter  which  are  chiefijr  subteTrimt 
to  animal  nourishment.  Vauquelin  found  it  in  tha  fuint 
of  wheat,  constituting,  probably,  an  element  in  A*  cam 
position  of  the  gluten :  the  ashes  of  one  pound  of  what 
en  flour  jrieMed  nbuut  54  grains  of  phosphate  of  Bnic 
whence  he  has  citlculated,  ihat  a  person  taking  one  pooarf 
of  this  flour  daily,  would)  in  the  course  of  oae  year,  »■ 
ceive  3  lbs.  6i  ounces  of  this  salt.  Many  anhnalt, 
ever,  live  do  food  in  which  the  existence  of  liii« 
has  not  been  established,  thosC)  for  example^  which  ftit 
on  grass ;  at  the  same  time,  it  is  to  bo  remarked,  thx  Ibt 
urino  of  these  animals  contains  no  phosphoric  valt*. 
accurate  analysis  of  the  vegetable  nutritwui 
with  a  comparison  of  the  compotilion  of  tKe  nlida 
fluids  of  the  animals  whidi  feed  upon  ihem,  arc  still « 
ing  to  throw  light  on  this  subject. 

The  same  difficulties  exist  with  regard  to  lime  aad  i 
tlie  two  principal  remaining  substances  which  enter  a» 
tlie  composition  of  animal  matter.  There  can  be  no  ivA, 
howev«r,  but  thai  both  of  them  are  found  in  almon  Wl 
the  vcg^lable  products  ;  and  litne  is  coniained  iu  rnrf 
kind  of  water  wbtdi  can  be  used  by  animals  asdlini-  Vf 
facts  have  also  been  stated,  in  proof  that  they  are  fotM^ 
in  the  process  of  animalization.  The  strangest,  fohft 
is  derived  from  the  analysis  by  Vauquclio  of  the  egi  i' 
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a  heOf  compared  with  the  food  which  the  animal  received  ; 
fipom  which  it  foUowtdt  that  the  quaBtity  of  phosphate  and 
of  carbonate  of  lime  discharged  was  greater  than  what 
was  cOAained  in  the  food*;  whe|ic^itfollowed»  that  both 
lime  and  phosphorus  had  been  generated  in  the  ammal 
system.  Others  which  have  been  stated  are  less  concla- 
sive :  die  argument  drawn  from  the  large  quantity  of  cal- 
caveous  matter  secreted  by  certain  marine  animals»to  form 
thw  A«Uff»  i#  ^fdently  sc^  as  a  large  quantity  of  lin^  m 
a  fHwt^  f)|  CQUibin^tioii  exists  in  sea<"Water.  And  the  vx- 
ptmifUlp  wilich  h9!9e  bees  atafted  to  prore,  duit  an  egg, 
pmfjow  to  i«f labaliotif  ojontains  less  lime  and  less  iron 
tlwp  t^  ikJA  doe»  immediately  after  it  is  hatdied  f,  are 
t9p  igijrrTOitp  to  ndmit  of  any  oeitain  condhisioii.  This 
^flm  M4f4f  pfrb»p8»  to  nearly  all  the  researches  en 
4m  fokjocjlf  Tb0  general  £uct»  that  the  greater  part  of 
timP  mbMilf  ^  used  as  food  by  ammab  contain  these 
pinMytef^  if  perhi^  suficient  to  justify  the  belief^  that 
tli#y  iff  ttii^^iieed  into  the  body,  and  not  actually  form* 
•4 1  my  anilysiA  by  wUch  the  question  might  be  deter- 
aapv4  mtb  mpfe  piecitton  being  liable  to  such  difli^ulties 
2|Si4  90«i^os  of  fallacy,  that,  as  hitherto  executed  at  least, 
tt  om  ?iibf 4  m  certain  conclustm. 


•\  ■»  ;■ 


*  Annales  de  Chimie,  torn.  xxix.  p.  22. 
t  Abemetby,  Physiological  Esiayi* 
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L  HE  antmal,  like  the  vcget<tb)e  pn>duct«i  maybenw^ 
1  to  a  numbpr  of  spcrl^is  nr  proximate  principlcSi  dW 
fe  ncterised  by  certain  distinctive  properiirg.  Y«t  thii  clUft 
r  lification  is  mach  less  perfect  than  it  is  wtlh  regard  toW 
getable  matter :  we  are  far  from  being  able  tn  place  M' 
der  it  the  various  animal  solids  and  fluids  ;  and  we  Titt 
dierefore,  in  the  present  state  of  animal  chemistry,  radlflF. 
compelled  to  give  the  history  of  these  solids  and  fliiidtit 
the  state  of  composition  in  which  they  exist,  introtfucit^ 
under  them  the  description  of  such  proximate  prindplH 
as  have  been  sufficiently  defined.     Under  this  arrange- 
ment, the  history  of  the  blood,  the  common  source  wheKf 
the  varieties  of  animal  matter  arc  derived,  must  first ))( 
given,  and  is  of  much  importance,  as  this  fluid  contains 
already  formed,  the  three  most  common  principles,  albs- 
men,  gelatin,  and  fibrin.     From  the  history  of  the  blWi 
we  proceed  to  that  of  the  other  fluids  and  solids,  in  il»' 
order  best  adapted  to  their  various  relations. 
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BlooD)  that  fluid  which  circulates  through  the  yessels 
of  the  animal  8y8tem»  sustains  life,  and  aflfbrds  the  princi- 
]des  whence  other,  products  are  formed^  differs  consider- 
ably  in  its  qualities)  in  the  different  orders  of  animals.  In 
insects  and  some  c^ers^  it  is  white  or  pellucid ;  in  the 
moie  perfect  animals  it  is  of  a  red  colour.  Its  consistence 
is  somewhat  thick»  and  it  has  a  saponaceous  feel :  it  has 
a  sweetish  slightly  saline  taste^  and  a  perceptible  odour, 
more  or  less  strong  in  difierent  animals.  Its  spedfic  gra- 
iratj  is  from  l.OS  to  1j05«  It  is  miscibb  inth  water,  and 
b  coagulated  either  by  heat  or  cold. 

Though  blood,  as  it  circulates  in  the  body,  appears  to 
be  a  homogeneous  fluid,  it  appears  under  the  microscope 
to  be  heterogeneous,  or  presents  the  appearance  of  parti- 
di^  of  a  globular  form,  diffused  through  a  liquid.  On 
being  removed  from  the  body,  in  a  short  time  too,  the  ap-^ 
parent  uniformity  of  its  composition  is  subverted  :  it  sepa- 
rates into  a  fluid  of  a  yellowish  colour  and  slight  tenacity, 
and  into  a  coagulum.more  or  less  firm,  of  a  dark  red  co- 
lour. This  process  is  the  Coagulation  of  the  blood :  the 
fluid  part  is  the  Serum,  the  solid  the  Clot  or  Crassamea* 
turn.  By  a  further  examination,  the  latter  is  found  to  be 
a  mixture  or  very  slight  combination  of  two  principles,— 
of  a  red  colouring  matter,  soluble  in^water,  and  therefore 
abstracted  by  washing  the  crassamentum ;  and  of  a  white, 
solid,  elastic,  and  fibrous  matter,  which  remains.  The 
former  has  been  named  the  Colouring  Matter,  or  the  Red 
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.Globules  of  the  Blood ;  the  latter  the  Gluten  or  Hm 
The  proportions  of  all  th^ se  to  each  other,  vary  considq 

I.  ably  in  different  animals,  and  in  the  same  animal  in  diBqi 

.  ent  states  of  the' system. 

The  cause  of  that  spontaneous  change  of  the  tiaa 
which  constitutes  its  coagulation,  is  not  well  asce) 
Though  it  ts  regarded  by  motion,  and  by  a  moderate 

-  perature  being  kept  up,  in  other  words,  tskos  place  i 
nadily  when  the  blood  is  at  rest,  and  when  ibe  tem| 
tore  is  allowed  to  fail  below  the  natural  beat  of  the  bloll 

I  tteetf ;  yet  it  also  takes  place  under  ihe  opposite  circnm- 

f  aUnces,  when  it  is  agitated,  and  when  its  temperature  ti 
not  reduced.  Neither  is  thf  access  of  atmospheric  air  ne- 
cessaryf  a»  the  coagulation  takes  place  in  vaeut,  as  Ur 
Hunter  ascertained.  Esperiments  have  been  stated,  piN 
Ocularly  by  Luzuriaga  *,  which  scefn  to  pnttw,  dut  tbe 
coagulation  takes  place  more  rapidly  when  the  Uood  ii 
exposed  to  nitrogen,  carbonic  acid,  or  nitrous  gas,  than 
when  exposed  to  oxygen  or  to  hydrogen  gas.  Tliese  f»oa 
seem  quite  anomalous,  and  point  out  no  principle  :  ani'a 
has  been  affirmed  by  Mr  Davy,  that  when  blood  is  eipo- 
sed  to  these  and  other  gases,  there  is  no  marked  diSeteatt 
in  the  times  of  coagulation  |.  Since  the  above  circBio- 
stancea  have  so  little  share  in  tlie  coagulation  of  the  Wood, 
some  have  ascribed  it  to  the  evolution  of  some  gas,  whicli, 
while  it  remained  in  the  vessels  of  the  animals,  wm  retiio- 
cd  by  pressure,  nnd  this,  escaping  from  the  fibrin,  Jisp'>- 
scd  it  to  coagulate.     But  this  is  confirmed  by  no  faft. 


•  Dissertatio  Inaugaralis,  Edin.  1786. 

*  RpKmrelies  on  Nitrouj  Oxide. 
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The  Bponnacous  decomposition  of  the  blood  in  its  an- 
guIaiioD,  aflbrds  the  easiest  mpihod  of  discovering  its  im- 
inediale  piinciplec ;  and  from  our  knowledge  of  thcscg  we 
itre  belter  enabled  to  determine  ihe  nature  of  the  cli^ingcE 
whid)  re-agents  produce  on  the  entire  blood  itself.  These 
princtplei)  therefore,  are  first  to  be  investigated. 

The  liquid  formed  by  the  Coagulation,  the  Serum,  as  it 
is  named,  is  slightly  viscid  and  consistent,  of  a  pale  yellow- 
ish coiouTi  and  an  insipid  somewhat  saline  taste.  Its  spe- 
cific grariiy  is  about  1 .038.  It  mixes  with  water  in  all 
proportions,  losing,  with  a  large  proportion  of  watLT,  its  co> 
lour  and  taste-  It  is  slightly  alkaline,  as  it  renders  the  ej- 
rap  of  violets  green  :  this  alkali,  Rouelle  discovered^to  be 
soda  i  and  muriate  of  soda  is  obtained,  when  muriatic  a- 
ctd  hai  been  added  to  serum,  and  the  liquid  evaporated. 

When  the  scrum  is  exposed  to  a  moderate  heat,  it  coa- 
giil4tes,  or  forms  a  kind  of  coniistei^t  mass,  more  or  less 
firm,  hut  ittll  tremulous,  with  a  portion  of  interposed  fluid. 
This  cojgulation  fakes  pUoc  at  a  temperature  of  160*", 
aj>d  it  does  not  require  ihc  presence  of  the  air.  It  is  quick- 
\f  produced,  by  sdding  lo  the  serum  two  or  three  pstrts 
of  btnliag  water  |  bur  if  thff  Seilim  leas  bees  previously 
nrach  diluted  with  cold  water,  it  does  not  happen.  It  is 
alto  occasioned  by  the  addition  of  a  number  of  substances, 
M  by  wveral  acids,  by  salts  liaving  :m  excess  of  acid,  bj 
Aahol,  and  by  several  metallic  oxides. 
I  This  coagulation,  especially  as  ii  is  produced  by  heat,  is 
a  true  analysis  of  the  scrum.  As  the  substance  wh!cb 
coagulates  has  all  the  proprt-iics  of  llie  white  of  an  egg, 
1  been  termed  Albumen.  Ic  exists  in  many  other 
d  predtictt,  and  is  iifdeed  fine  of  t'le  most  abund; 


1 


I|)Tt>xiinat«  principles  of  antma]  matter,  especial]^  tif  tbt 
animal  lluiils  and  of  the  softer  solids  ;  it  is  therefore  is- 
«essary  that  its  properties  should  be  fully  examined. 
Albumen,  then,  (of  which  the  white  of  the  egg  furnishes 
I  us  with  the  best  example),  is  distinguished  by  thefoUow- 
'  ing  properties. 
*  It  is  soluble  in  water,  and  is  again  separated  from  It  by 
coagulation,  by  the  application  of  heat,  by  alkoho),  fay  i- 
Cids,  and  several  metallic  oxides.  After  its  coagnlaiioD, 
it  ii  no  longer  soluble  in  water,  unless  by  lotig  boilit^- 
It  has  been  observed,  that  the  coagolum  separated  by  lir 
.Jtohol,  is  more  soluble  than  that  separated  by  acids;  tlw 
acid  probably,  while  it  precipitates  the  albumen,  aiTordiag 
it  3  small  portion  of  oxygen.  It  has  been  supposed  hj 
Fourcroy  even,  that  the  separation  of  this  principle  is  li- 
ways  owing  to  its  receiving  oxygen  i  but  the  fact,  dwi  i 
is  precipitated  by  alkohol,  while  it  is  not  by  several  sub- 
stances containing  much  oxygen  and  yielding  it  readily. 
as  the  oxymuriate  of  poias'ia,  the  black  oxide  of  man^ 
nese,  and  some  ollirrs,  sufTiciently  refute  this  opinion :  ecu 
is  the  cause  of  the  coagulation  of  albumen  well  ascertaio- 
ed  1  but  it  appears  from  the  change  it  sufTers  at  the  sunt 
time  in  its  properties,  to  be  owing  to  some  change  in  it 
combination  of  its  principles.  If  albumen  is  dissolred  ia 
8  or  12  parts  of  cold  w.itcr,  it  is  nut  coagulated  by  beiE: 
but  when  diluted  even  with  a  large  quantity,  as  with  lOOU 
times  its  weight,  the  liquor  when  heated,  though  not  pro- 
perly coagulated,  becomes  opaque  *. 

Albumen  is  dissolved  by  the  alkalis.  Its  solution  by  ub- 


'  BoBtack,  NichoUon's  Journal,  vol,  ■ 
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proceeds  slowlyi  and  is  completed  only  in  the  courK 
of  jcireril  months.  The  solution  is  iii  the  form  of  a  viecM 
pulp,  porous,  and  of  a  much  greater  volume  than  the  ori- 
ginaJ  albumen.  Pure  potash  or  soda  dissolves  it  with  f.i- 
cUiry  even  in  the  cold :  a  quantity  of  ammonia  is  disen- 
gaged during  the  solutior. ;  a  grey  powder  is  ptecipiiatcd, 
9ukI  the  liquor  is  of  a  dark  brown  colour. 

Acids  dissolve  albumen.  In  the  concentrated  sulphuric 
acid,  tlie  solution  goes  on  slowly,  and  is  completed  in  a 
few  dayi.  In  the  nitric  acid  (he  mutual  action  is  more  ra- 
pid I  it  cau  scarcely,  however,  be  termed  a  solution :  a 
large  quantity  of  elastic  fluid  is  discharged,  and  an  oily- 
lilte  matter  i*  precipitated,  soluble  in  alkohol. 

Albumen,  when  decomposed  by  heat,  affords  the  usual 
produco  of  animal  matter.  It  also  contains  sulphur.  The 
effect  of  the  white  of  an  egg  in  blackening  silver  has  been 
long  known ;  and  Parmeniier  and  Deyeux  found,  that  on 
tritaratiog  albumen  with  a  solution  of  silver,  and  digest- 
ing h  in  water  with  a  gentle  heat,  sulphuret  of  silver  is 
formed.     Its  residuum  alfords  pliosphate  of  lime. 

lu  the  analysis  of  animal  matter,  it  is  of  considerable 
importance  to  Itave  tests,  by  wluch  minute  quantities  of 
albumen  may  be  detected,  as  it  enters  largely,  as  an  imme- 
dute  principle,  into  the  composition  of  many  animal  pro- 
4luc>s>  I'he  corrosive  muriate  of  mercury  is  one  of  the 
most  delicatr,  and  at  the  same  time  the  most  accurate.  It 
a  tfcry  small  portion  of  the  albumen  of  an  egg,  which  has 
be^n  previously  mixed  with  two  parts  of  water,  be  added 
ID  a  large  quantity  of  water,  on  adding  a  few  drops  of  the 
solution  of  the  corrosive  muriate,  a  milkinoss,  and  at  length 
a  precifHtate,  is  occasioned.  Dr  Bostock  found,  that  by 
ifaia  test,  albumen  diluted  with  2000  times  its  weight  of 
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water,  was  detected.  Tlieaceialeof  lead,(Gotil»Ae»> 
tract),  and  the  nitrate  of  silver,  likewise  preeipitaK  h,  bot 
they  are  not  such  useful  tests,  as  (hey  act  also  am  otha 
varieties  of  animal  matter,  whicli  the  muriate  of  mercvj 
tloes  not  *.  A  soiutioD  of  tannin  produces  wttb  Ut 
ly,  a  yellow  precipitate. 

When  albumen  has  been  coagulated.  Us  propertiet  mc 
considerably  changed.  Ii  is  no  longer  soluble  tn  waiet: 
by  drying  it  becomes  brittle,  Itard,  and  semt-tntniparcni, 
as  Mr  Hatchet,  who  has  examined  it  in  this  uate  f,  iat 
remarked.  Digested  in  water,  it  bccotnet  soft,  but  it  doa 
not  soon  suffer  any  farther  change.  It  is  changed  b^tlw 
action  of  the  acids.  Nitric  acid,  in  particular,  appeui,  fnm 
Mr  Hatchet's  expcrimenls,  to  coBvert  it  into  a  matter  ana- 
logous to  gelatin.  The  alkalis  di&solre  ir,  at  the  Hnr 
lime  decomposing  it  and  causing  a  fimnatton  of  aainunu- 

Albumen  exists  not  only  in  the  blood,  buf  forms  a  cod* 
stitucnt  part  of  many  of  the  soft  solids.  From  Ut 
Hatchet's  experiments,  it  apjieats  to  forro  the  bukts  of  c»- 
tilagc,  shell,  horn,  and  hair,  anH  it  enters  into  the  casiif»> 
sition  of  membrane,  muscular  fibre,  atul  bonv. 

If  the  ooagttlated  mixture  obtained  by  the  action  of  liM 
on  serum,  be  gsntly  pressed,  there  tlowt  from  it  a  liqiV 
somewhat  tuibid,  named  the  Serosity  {  it  may  be  dilaM4 
with  water  and  rendered  clear  by  filtruion.  If  it  be  raade 
to  boil  gently,  on  cooling  it  becomes  geUtiuook,  its  oa- 
Btstence  being  more  or  less  firm,  according  to  the  i|a»- 
lily  of  water  that  had  been  used  in  its  dilatkm. 

By  this  experiment,  then,  we  discover  the  nuHMU  if 

*  Nicholwit's  Jourosl,  vol.  u.  p.  S4T. 

t  Philosophical  TransactioM,  1800,  p,  376. 
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MHMher  proximate  principle  in  serum, — of  a  substaoce 
wliii^i  is  soluble  tn  water)  and  whiclt  does  not  separate 
^m  that  fluid  oil  being  heated,  but  forrriB  with  ii  a  eoIu- 
tiiOP  of  a  gekcinoua  consistence.  By  modern  chemists, 
this  Eubstsnce  has  been  named  Gelatin,  and  it  forms  a 
principal  part  of  many  of  the  animal  solids,  particularly  of 
those  that  are  membranous.  It  is  from  its  presence,  that 
the  decoctions  of  animal  matter,  when  of  a  certain 
Mrengih,  become  gelatinous.  The  stin,  canilages,  ten- 
cloost  and  the  white  solids  in  general,  aie  principally  com- 
powd  of  it  *,  and  decoctions  of  these,  when  the  oily  matter 
tut  been  separated,  aSbtd  it  in  nearly  a  pure  state,  for  ihi- 
purpose  of  experiment.  Glue,  which  h  used  In  the  arts, 
an  account  of  its  adhesive  propeity,  and  n  prepared  by 
btnling  these  substances  strongly  in  water,  is  folid  gelatin  ; 
and  isinglass,  prepared  from  the  membranous  patia  of  thtr 
Mvrgeon,  is  the  same  principle  in  a  pure  form. 

Gelatin  i«  discovered  in  the  scrosity,  not  only  by  the  pro- 
perty of  forming  a  jelly  by  decoction,  but  likewise  by  ap- 
pearnDces  produced  by  Te.agents.  If  the  infusion  of  gallt 
or  any  vegetable  containing  tannin  he  added,  a  flocculent 
yrUow  or  brown  precipitate  is  formed  ;  and  the  proof  that 
tJttl  is  owing  to  the  gelatin  contained  in  the  serum  is,  that 
the  appearance  is  the  same  as  is  pioduced  by  the  addition 

ihe  same  re-agent  to  a  totution  of  pure  gelatin.     Tan- 

1  it  by  far  fhc  most  delicate  test  of  gcLtin.  One  pare 
Itssolved  in  5UU0  of  w.tter  w^s  found  by  Dr  Bostock  to 

discovered  by  the  turbid  appearance,  and  even  the  prc- 
ipjtauon,  produced  by  tJic  infusion  *.     To  render  it  ac- 


•  Nictuil«on'i  Journal,  vol. 
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curatr,  k  is  nccesisiy  to  atiemt  to  tlie  ctrcumfnticrt^BI 
tannin  likewise  protlucea  a  predpitatf  with  albumen.  Tho*, 
howcTfr,  is  m\u:h  less  evident :  and  the  disiinctian  l«>- 
tween  ibem  is  easily  estattlished  by  the  use  of  oilxr 
tests.  Thus,  a  solution  of  corrosiTe  munue  of  n*r- 
cury,  or  or  that  foraiof  acrtateof  lead  known  by  the  OMD* 
of  Goulard's  Extract,  does  not  alFect  geUtin,  white  it  re» 
ders  the  solution  of  albumen  immediaiety  turbid. 

The  proportion  of  this  princii^e,  necessary  to  gn«  to 
water  the  gelatinous  consistence,  appears  to  be  less  tiianow 
part  of  gelatin  to  150  of  water.  Even  when  the  cobm- 
tctKe  is  most  firm,  (he  whole  becomes  liquut  when  iht 
tetnpi^atiiro  is  raised,  and  again  gelatinates  as  it  cvok. 

AUohol  precipitates  gelatin  from  the  serosity  }  oat  M 
heating  the  mixture,  the  gelatin  is  Te-disiolvrd. 
-  TheacidsdissolvegelRtinreulily,  uid,  aHheuBictiwk 
dtcompoF^e  it.  Nilrit  ;iciJ  'iisi'jigafss  j  portion  of  nitro- 
gen, less  considerable,  howercr,  ihan  what  is  vieldedbf 
some  other  animal  subst^inces  from  the  same  treatment; 
oxalic  acid  is  also  formed,  with  a  little  oily  matter.  Sai- 
phuric  acid  charx  it.  Oxymimatic  acid,  transmitted  in  tlK 
state  of  gas  through  a  solution  of  it  in  water,  cooMrti  n 
into  a  white  concrete  milter,  not  soluble  in  water,  ini 
which  I.agr.inge  con'idtrci!  iis  geUlin  oxvj^enized  *. 

The  alkalis  dissolve  gelntin.  The  solutions  of  barrlf*. 
lime,  and  strontites,  produce  in  Jts  solution  a  millbc! 
owinp,  accortiing  to  I'ourgroy,  to  the  precipitation  ci 
phosphate.  Some  of  the  mi'tallic  oxides  communicB' 
oxygen  10  it ;  and  .1  number  of  the  metallic  salts caui(f*f 
cipiliitfs  to  fail  from  its  solution. 

'  Nitluilson'i  Journal,  wl,  xiji.  p.  20!'- 
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GeUtin  k  decompoicd  by  hei^t.    I^  iJbfcb  cairbiAretted 

bydiogen  aixl  cavb^nic  >cid  ga$M»  carbonate  of  ampsoniat 

• 

and  evipjreumatic  oi)>  the  re«i4ual  cburcoat  containing 
pbocphate  of  Ume.    It  is  vary  liable  t^  putrefiiction. 

I£  the  liquor  remaining  aftf  r  the  albumen  aod  gelatin 
kftvf  bees  separated  from  the  serum  be  eiamined,  it  is 
fbood  to  be  little  utfore  than  a  solution  of  certain  saline 
iubslaiices.  Of  these  the  principal  is  soda ;  aind  as  no 
fffsrrescence  is  produced  on  the  addition  of  an  aeid»  it  is 
wnohided  to  exist  is  the  seruoi  pure,  or  not  cembined 
wink  carbonic  acid.  Muriate  of  aQda>  phosphate  of  soda^ 
aad  photphate  of  Ume».  appear  to  exist  in  the  serum  in 
S—iHr?  quantity*  and  are  diseovered  by  this  precipitates 
produced  9  by  peculiar  teats,  and  particularly  by  the  nitrates 
tf  sUvee  and  mercury.  When  a  solution  of  nitrate  of  mer-* 
cory  is  added  to  it»  a  red  coloured  precipitate  is  formed « 
whid>f  according  to  Fourcroy>  is  principally  phosphate  of 
IMfCury. , 

fittdi»  theOf  is  the  composition  of  the  serum  of  the  bloody 
sie  indicted  by  a  very  simple  analysis.  It  is  composed  of 
distinct  principles^  albumen  and  gelatin,  dissolved  in 
f  which  likewise  holds  in  solution  pure  soda,  with 
■Mtviate  and  phosphate  of  soda,  and  phosphate  of  lime. 

From  the  composition  and  properties  of  these  several 
pfodacts,  we  perceive  the  nature  of  the  changes  which 
Ao  ionim  exerts  upon  certain  chemical  agents,  or  suffers 
kom  them.  Thus,  from  the  ^oda  it  contains,  it  changes 
the  vegetable  colours  to  a  green  i  it  gelatinizes  from  cva- 
fMstion  I  it  is  coagulated  by  heat,  by.aikohol,  and  acids, 
Aom  the  coagulability  of  the  albumen  ;  it  is  rendered  thin« 
by  the  alkalis,  from  the  solvent  power  they  exert*  on 
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the  albuminous  matter  -,  gives  a  copious  precipitste  vnb 
tannin,  from  the  combination  of  that  principle  both  witk 
its  gelatin  and  albumen  ;  it  reduces  Geveral  of  the  metal' 
lie  oxides  when  digested  with  thern,  and  passes  itself  to 
the  solid  £tale, — a  change  pn^bly  owing  to  its  aLbomni 
atlTacting  oxygen  ;  it  putrefies  on  exposure  to  heat,  fton 
the  spontsneons  decomposition  of  its  principles,  especiil- 
1y  of  us  gelatin,  which  is  even  more  disposed  to  putrefic- 
tion  than  the  albumen.  And  when  decompoied  by  heat, 
h  affords  carbonate  and  prussiate  of  ammonia>  with  u 
cmpyreumatic  oil,  carburettcd  and  sulphuretted  hydrc^ 
gases,  with  carbonic  acid  gas ;  its  residuutn  being  char- 
coal, coniainiAg  the  salts  which  have  been  already  ranw 
tioned  as  being  dissolved  in  this  fluid. 
.  The  properties  of  the  Crassamentum,  or  solid  coxgulm 
of  the  blood,  are  next  to  be  considered.  ■ 

This  is  of  a  dark  red  colour  :  by  exposure  to  atniosphe- 
ric  air,  or  to  oxygen,  it  acc|uircs  a  more  florid  red  hue, 
and,  on  ihe  contrary,  it  becomes  darker  on  being  eipostd 
to  hydrogen,  carbonic  acid,  or  indeed  any  other  gas,  cir- 
buretted  hydrogen  excepted,  which  like  oxygen  gives  in 
more  vivid  colour,  in  all  these  cases,  the  gas  by  whicb 
the  change  is  effected  seems  to  be  absorbed,  though  not  in 
considerable  quantity.  These  changes  take  place,  evtn 
when  ihe  coaguium  is  covered  with  seroni.  The  changt 
of  colour  is  confined  nearly  to  the  surface  ;  the  crassameD- 
lum,  when  rendered  florid  by  exposure  to  oxygen,  appnr- 
iiig  of  a  d.irk  colour  internally,  when  cut  into. 

Tiic  crassamentum  exposed  to  the  r.ir  does  not  imIn^ 
ilkiicly  putrefy  :  it  retains  its  colour  and  consistency  ''« 
stvfrsl  djys,  if  the  temperature  of  the  air  is  not  higti'  ^ 
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it  be  exposed  to  a  moderate  warmth,  it  is  dried :  it  retains 
tts  dark  red  coiouri  and,  if  kept  in  a  dry  place,  may  be 
presenred  for  a  long  time  without  decomposition. 

The  coagulum  still  retains  in  its  substance  a  quantity  of 
terum,  which  gives.it  particular  properties.  Thus,  if  it 
be  thrown  into  boiling  water,  it  renders  the  water  op- 
aque, from  the  coagulation  of  part  of  the  albumen  of  the 
serum :  from  the  same  cause,  its  consistence  is  increased 
by  digestion  in  alkohol,  or  by  the  affusion  of  acids,  while 
the  alkalis  soften  and  dissolve  it.  Nitric  acid  dissolves  it, 
^d  renders  it  black. 

The  crassamentum,  exposed  to  heat,  affords  the  same 
products  as  other  animal  substances ;  and  the  charcoal^ 
which  is  the  residuum,  contains  a  quantity  of  iron,  with 
edits  having  lime  and  the  alkalis  for  their  bases,  and  con- 
taining phosphoric  acid. 

After  noticing  these  general  properties  of  the  crassa- 
niestum,  it  is  to  be  observed, -that  it  is  not  homogeneous, 
but  consists  of  two  principles  mixed  together,  or  very 
elightly  united.  These  are  easily  separable.  If  the  crassa- 
anentum  is  washed  with  water,  by  inclosing  it  in  a  linen 
b^,  immersing  it  repeatedly  in  water,  and,  at  the  same 
time,  pressing  it  gently,  the  water  acquires  a  deep  red  co- 
lour, and  there  remains  a  fibrous  matter,  nearly  perfectly 
white.      By  this  simple  analysis,  then,  the  crassamentum 
it  resolved  into  two  distinct  principlesr*r-a  colouring  mat- 
Dert  carried  off  by  the  water,  and  another  solid  fibrous 
enbstance,  which  remains.   The  former  is  named  the  Co^ 
louring  Matter  of  the  Blood,  or  Red  Globules ;  the  lat* 
pt€f  the  Gluteut  Coagulablo  Lymph,  or  now  more  genc^ 
«^iy  the  Fibrin. 
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■i'lie  ciilouriiig  nutttt,  from  rtiicToicopical  otMcmtioni, 
lias  been  supposed  lo  contUt  of  round  gtobuin,  wtuth 
some  have  e«ti  imagineil  lo  be  orgtni3«<l.  It  is  foivbs 
tit  ^»rati;r,  but,  jfter  &ome  time,  a  deposition  t»Wcs  pL:e 
Trcrtn  riiis  solution.  At  the  temperature  of  170*>  it  hke- 
wise  loses  its  colour,  and  brown  flocculi  are  deposiml. 

This  matter  teems  to  be  that  on  which  the  pan  ict 
with  inergy.  tf  it  is  exposed  to  atmoBphcric  »\t,  oteiy 
getl,  or  even  to  subaiam'eb  capable  of  aflbrdinp  TO  H  Oiy*. 
gen,  if,  for  inslanre,  oxide  of  mercuty  is  diffused  thiougli 
its  watery  solution,  it  acquires  a  flarid  hue  :  if  expoeeJ  t* 
hydrogen  or  carbonic  acid,  it  is  Said  to  b«cnme  of  a  bnwn 
or  dark  red  colour.  I  have  not  obsened,  (lowercr,  asj 
change  of  colour  by  passing  through  it  carbonic  acid  gH- 

'riie  coagulutn  formed  from  the  cTassamentum  by  tfct 
Iieat  of  a  water-bath  may  be  dried,  io  ii  to  ht  tVt%9tftS  piA- 
viTuletit,  Alkohol  ilipesicd  on  it  i[i  this  aute  dissolve)  i 
small  portion,  and  assumes  a  red  colour.  The  acids,  if 
aihk'il  to  llic  soft  crassaftienium,  darken  it,  artd  produce  t 
partial  coaguhtion.  The  alkilis  dissolve  it.  From  thcs* 
properties,  it  appears  to  approach  to  albtimeft,  with  which 
some  priiicipk*  is  combincii,  commULiie.iting  to  it  colour. 

This  principle  has  been  recOj^nised  to  he  iron.  'ITx 
Existence  of  this  tnetal  in  the  biood  had  been  known  w 
chemists.  Menghiin  discovered,  that  from  blood  dried  br  t 
very  gentle  hi^at,  it  could  be  extracted  in  a  magnetic  stur. 
IJiici[u.^r  found,  that  the  colouring  matter  separated  fKO 
the  crassamentum,  diied  and  decomposed  by  h«r,  gite  i 
residuum,  the  colour  of  which  depended  oti  iron.  J"f' 
supposed,  that  the  iron  existed  in  the  blood  in  cntnl'  ni- 
lion  with  phosphoric  acid  ;   and  I'ourcroy  and  Vjuqar'is 
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given  expeiiments,  by  wliich  tlic^  suppotfc  (hii  to  be 
e*tablubc(l.  If  the  coiourii^g  matrer  obtained  from  iu  so- 
lution in  t/ucT  be  deconiposed  by  bcM,  a  TCeiduum  of  x 
dsirk  red  colotu  is  obtained,  amouuting  to  0.0045  of  the 
bloud  employed,  aitd  whidi  couiaini  sonic  foreign  mxtter 
besides  iron.  If  this  rtiiduum  be  digeKed  in  nitric  acid, 
d  part  of  it  is  dLS)o]Ti.-d,  leaving  auotJier  pan  more  red 
tinn  bcfuTC.  Aminonia  poured  into  tlii&  solution  afiiiTds 
a  white  precipitate,  which  when  trt-aled  while  wet  by  pure 
potusa,  la&cK  weight,  and  assume*  a  dark  redfoLvur  -,  and 
lime-waict  added  to  this  aJkaliac  fioiution  forms  a  preci- 
pitate of  phosphate  of  hme.  To  understand,  oentinue* 
l-'ourcroy,  how  the  pbosphate  of  iron  which  this  analysis 
4bo«-s  exists  in  the  blood  is  in  a  state  of  solution,  by 
nM»n«  of  the  soda  winch  tliat  fluid  hkewtse  contures,  it  is 
■Heiury  to  remark,  that  this  oooipouud  may  exist  in  two 
«Mea  •  die  one,  the  neutral  phosphite,  of  a  grey  colour, 
|Ntttly,  inaoluble  in  water,  and  sulubJe  iu  acids, — the  o- 
tber,  sub-pho&phate,  or  pliosphaie  with  an  cxceiiS  of  base, 
■fa  browRtiib  red  colour,  less  soluble  in  acids,  but  soluble 
It  is  in  this  latter  stsu  of  pbotphatc  supcrsa- 
ith  oxide  of  kon  that  jt  exists  dissolved  in  the 
state  in  which  it  is  maintained  by  the  Mtiun  of 
These  chemists  accordingly  found,  that  tliis 
itc  of  icon  is  diatvlrcd  in  the  scrun)  of  the 
I  or  in  the  white  of  an  egg,  even  without  he»t»  and 
t  fonru  a  strong  red  cdum  similar  to  that  of  the 
A  little  pure  alk-^ti  accelerates  tills  auluttoii,  and 
liwnderf  its  colour  more  pucfi-ct  anAUvely  *.    TJw  pri<ici> 
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pies  contained  in  the  colouring  matter  of  the  blood  tnm   ' 
to  exert  a  considerable  action  on  metallic  oxides.     Vio* 
f]ueHn  found,  that  copper  was  easily  diswlved  by  it. 

Accoiding  to  the  view  now  given,  the  colouring  mu- 
ter of  die  blood  consists  of  albumen,  with  perhaps  a  por- 
tion of  gelatin,  united  with  soda,  and  aub-phosphate  of 
iron.  From  iis  decomposition  by  heat,  there  are  aUoob- 
tained  some  other  saline  matters,  principally  phosphatM 
and  muiiates,  which  are  probably,  howcveff  not  tcry  es- 
sential to  its  composition. 

The  Fibrin  is  the  white  solid  matter  that  has  faratA 
the  basts  of  the  cnssatnentum,  and  from  which  the  ci>> 
louring  matter  is  carried  off  by  washing.  It  c^n  also  be 
obtained  from  the  general  mass  of  blood  itself,  by  acic^ 
ting  it  wiih  a  slick  in  an  open  vessel :  the  other  prinopk* 
are  intimately  nixed  together,  and  the  Gbrin  adlwre*  a 
ihe  stick.  It  also  forms  those  concretions  named  Poly- 
pi, which  arc  found  in  the  vessels  of  animals  after  deal.'i , 
jnd  in  certain  diseasi^s,  it  is  disposed  even  in  a  very  shor 
time  to  separate  from  the  other  principles,  when  it  givrt 
rise  to  (he  appearance  named  the  Inflammatory  Crust, 
Bufiy  Coat.  It  is  it  which  gives  to  the  blood  the  property 
of  coagulating  spontaneously.  It  is  contained  I 
eiderable  quantity,  amouniiitg,  according  to  Fourcroy  anU 
Vauquelin,  at  a  medium,  to  0.00-'8,  though  the  propor- 
tion varies  considerably.  It  is  al^o  contained  in  manj  »• 
thcr  of  the  animal  products,  as  in  the  muscular  fibre,  ct 
which  it  forms  the  basis,  and  is  one  of  the  best  dedn^i 
proximaTe  principles  of  animal  matter. 

Fibrin  is  a  sjlid  wh.ie  substance,  free  of  taste  Cf 
smell,  of  a  tibtous  texture,  as  is  discovered  by  the  outT> 
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gh,  and  Eomewhal  elastic  :  it  hardens  and  con- 
tntcib,  on  exposure  to  a  very  moderate  heat,  and  becomes 
wrinkled  like  parchment.  It  is  insoluble  in  wat^rt  rxc«pl 
u  such  a  hi^h  temperature  as  that  obtained  by  pres&un  in 
Papin'a  digester.  Moistened  with  water,  it  soon  softenS) 
swells,  and  bejiinB  to  putrefy  :  it  suffers  a  similar  change 
in  a  damp  atmosphere.  This,  however,  applies  only  to 
the  fibrin  of  blood,  which  has  probably  some  other  matter 
attached  to  it :  for  Mr  Hatchet  found,  that  fibrin  obtain- 
ed by  repeatedly  washing,  and  even  boiling  the  muscular 
lihie  with  water,  is  not  very  liable  to  putrefaction. 

Fibrin  is  dissolved  by  the  alkalis,  but  is  at  the  same  time 
decomposed.  I'urc  potassaor  soda  acts  upon  it  readily,  at 
the  cummoa  temperature  of  the  atmosphere,  and  forms  a 
kind  of  soap  :  vapours  of  ammonia  are  disengaged  and  a 
greyish  mutter  is  precipitated,  which  is  carbonaceous.  Am- 
fnoaia  requires  a  temperature  equal  to  170°,  to  enable  it 
10  tct  on  the  fibrin  :  it  tlicn  dissolves  it  with  facility. 

The  acids  exert  a  considerablo  action  upon  fibrin.  Mu- 
riatic, acetic,  and  sevcriil  of  the  vegetable  Kjds,  dissolve 
St  I  the  toluiion  ts  decomposed  by  the  alkalis,  iaA  even 
by  water  j  but  the  precipitate  lias  no  lunger  the  properties 
of  the  original  matter,  being,  in  particular,  soluble  in  wa- 
Icr.  Thr  sulphuric  acid  decomposes  it,  and  throws  dowa 
a  urbonaccous  powder,  and  forms  acetic  acid.  Nitric 
mad,  diluted  with  a  large  quantity  of  water,  disengages 
fmm  it  a  largo  quantity  of  nitrogen  gas,  which  proceeds 
smtirely  from  the  fibrin,  as  it  was  ascertained  by  Bertliol- 
Ict,  who  fii»t  observed  the  phenomenon,  that  tlie  acid  is 
not  decomposed.  The  tc&icluum,  in  this  case,  is  princi- 
p^ly  ox;ilic  acid,  with  a  sm^ll  portion  of  malic  and  acetic 
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aciils,  aaii  a  portion  of  fait^  matter.  Wlun  ■ 
iickI  is  undiluted,  it  lufivn  decomposition,  and  tutnm 
gat,  mixed  wiih  nitrogen,  is  disengaged.  The  action  of 
Tiiciic  acid,  however,  on  fibrin,  is  madx  dircnified,  k- 
cording  to  its  dilution  and  state  of  concentration.  If  ih* 
action  be  slow,  the  6bfiii,  as  Mr  Haichiri  found,  pauesin* 
to  a  siato  Mtnewhat  analogous  to  grUiin  *.  If  heat  vtap- 
plied,  prussic  acid  ia  formed  :  and  iu  thb  case  too  it  ap- 
[icart,  from  the  esperimenis  of  Fouicrof  and  Vaci^tMlia 
m  muscular  libre,  to  be  afierwards  slated,  tbai  a  peculitf 
principle,  Tdlow,  bitter,  and  ^crid,  ij  formed.  ^ 

Fibrin,  exposed  to  heat,  is  soon  decomposed-  An  Mlsfl 
pyreumaiic  oil,  of  a  very  otfeoslire  smell,  first  dislils  onfi'' 
wind)  i^  foDoved  by  carbonate  of  ammonia,  and  very  ftt- 
tid  ^ses,  which  arc  probably  triple  compounds  of  hydtc- 
gen  with-nitri^en  and  phosphorus ;  a  charcoal  renaiiu, 
dense  and  brilliant,  diflicult  of  incineration,  and  contain- 
ing phosphate  and  carbonate  of  lime. 

The  three  principles  which  have  now  been  described  « 
existing  in  tlic  blood,— albumen,  gelatin,  and  fibriu,  and 
which  enter  so  lai^ely  into  the  composition  of  animal  ma:* 
ter,  have  a  resemblance  in  their  properties  and  also  in 
composition ;  but,  with  regard  to  both,  thejr  are  still  ea>i- 
ly  distinguished.  Thus,  with  respect  to  pioperties,  inde- 
pendent  of  other  material  differences,  there  Is  one  um])Ie 
character  which  si-rrcs  to  distinguish  them,  drawn  ftom 
the  manner  in  which  they  are  acted  on  by  water  :  gelatin 
is  soluble  in  cold  water:  the  solyiion,  when  eraporaied, 
bccoiiK's  gelatinous ;  and  it  this  jelly  be  dried,  it  is  sti.l 

•  Pl.iloj..;>Mc.Ml  Transjctioiis  1800,  p    ;i;)|  . 
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again  equadly  aohible.  Albnmen  is  likewise  soluble  in  wi- 
tietf  but  whenever  the  temperature  is  raised  to  170^, it  se^ 
parates  by  coagulation,  and  this  coagulum  is  not  again  aO- 
iuble.  Fibrin  is  dearly  distinguished,  by  being  entirely 
insoluble  in  water,  at  any  temperature,  under  a  common 
atmospheric  pressure.  The  modes  in  which  these  sub^ 
stances  are  acted  on  by  the  acids,,  alkalis,  aQd  other  cfae^ 
fni^I  agents,  are  also  entirely  diiFei^nt. 

These  tht^  principles  likewise  differ  in  their  composi«- 
tion ;  for  though  they  seem  to  consist  of  the  same  ohimate 
principles,  of  nitrogen,  hydrogen,  okygen,  carbon,  phos^ 
phorus,  and  perhaps  sulphur,  yet  the^  differ  in  tbeif  pt^ 
portions.  The  difference  seems  to  be  principally  in  the 
proponion  of  !iitrogen.  When  treated  by  nitric  acid,  ge^ 
latin  is  found  to  yield  the  smallest  proportion  of  nitrogM 
gas :  albumen  more ;  and  fibrin  a  cjuantity  considerably 
largict  than  either.  It  seems,  therefore^  to  be  the  most 
•nimalized  product.  It  appears  also  to  contain  the  largest 
t|uantity  of  carbon,  as  the  charcoal  left  in  its  decompl^- 
lioii  by  heat  is  more  abondanti  ^a{%ording  to  Mr  HaVcHM^ 
obsetvation,  than  that  firom  albumen  or  gelatin,  i^utphuir 
ae«ms  peculiar  to  the  composition  of  albumen. 

After  thus  pointmg  Out  the  immediate  ptintipte^  tf' 
which  the  blood  (s  cowiposed,  it  reMiiins  to  aiate  theche^ 
Micid  properties  of  the  entire  fluid.    These  are  of  course 
ilerited  from  these  principles,  and  from  ourkno>a4«dgeof 
them  4li«y,  In  general,  be  easily  uftdeifetood. 

Blood  ne^'ly  drawn  is  perfectly  sohible  in  water,  or  it 
eafi  be  diffused  through  it  without  any  alteration,  and  this 
dilution  prevents  its  spontaneous  coagulation.  If  the  mix- 
t«are>  howe?er»  be  heated,  flakes  separate,  consisting  of  the 


albumen,  and  the  colour  is  changed  to  a  brown.  Tbeft 
qaoT,  separated  from  the  coigulum,  yields,  according  ^ 
Fourcroy,  a  yellow  bitter  matter,  by  evaporation. 

Acids  added  to  blood  immediately  decompose  it  v  thtj 
render  its  colour  darker  and  brown,  and  produce  coagn* 
lation.  The  nitric  acid  disengages  nitrogen  gas  |  the  <nj- 
muriatic  acid  renders  it  perfectly  black.  The  alkalis,  m- 
Stead  of  coagulating  the  blood,  render  it  more  thin  and  li- 
tfuid,  and  prevent  its  spontaneous  coagulationi  eTiilcollj 
from  their  solvent  power  on  the  albumen  and  fibrin.  The 
■rBCutral  salts  frequently  alter  the  colour  of  blood,  and  i 
r  BiimbeT  of  them  retard  its  coagulation.  The  metallic 
'  salts,  in  general,  decompose  and  coagulate  it :  ^Ikohol,  ami 
«veii  some  of  the  vegetable  principies,  as  starch  and  gum, 
likewise  produce  coagulation :  tannin  thickens  it  and  rea- 
ders it  black. 

When  the  watery  part  of  the  blood  is  withdrawn  by 
gentle  evaporation,  a  ma^s  is  obtained  of  a  dark  brown  co- 
lour, which,  if  kept  in  a  humid  state,  soon  passes  into  pu- 
trefaction, and  evolves  very  offensive  products.  If  dried 
more  thoroughly,  it  is  obtained  in  the  state  of  a  black 
powder,  somewhat  unctuous,  and  which  in  a  dry  atmo- 
sphere may  be  preserved  with  little  alteration.  When  ex- 
posed to  heal  it  softens,  swells,  and  in  the  open  air  ■□- 
flames  feebly,  exhaling  a  fcctid  smoke.  The  products  in 
this  decomposition  are,  according  to  Fourcroy,  first  ao 
ammoniacal  liquid  ;  secondly  carbonate  of  ammonia,  and  * 
dense  fcctid  vapour,  oily  and  inflammable:  after  these  iIk 
vapour  of  prussic  acid  is  recognisable  by  its  smell,  and 
lastly  phosphoric  acid.  The  residuum  consists  of  oiiJe 
ot  iron  nearly  reduced,  and  perhaps  in  the  state  of  cii^'J- 
ret,  Tii.!>-^\;j.V;  v^  V,---.';   v.vi  mutiule  of  iud  j. 
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len  the  decomposition  of  the  blood  by  he^t  is  per- 
/ormed  in  dose  vessels,  there  first  distils  over  a  quatitltif 
of  \nl?r  of  a  faint  odour,  and  whicti  veiy  soon  beromcft 
putrid ;  when  urged  by  a  stronger  heat,  a  liquid  holding 
dissolved  carbon^tte  of  ammonia  mixed  with  oil :  tfats  oit 
comes  over  more  copiously  as  the  decomposition  proceeds, 
ig  thick,  of  a  d^rk  colour,  and  fccliit  ;  it  is  accompanied 
and  followed  by  caiburetted  and  sulphureiied  hydrogen 
gases.  The  coal  which  remains  in  the  reiori  is  spongy, 
of  a  brilliant  semi-metallic  appearance,  and  difficult  of  in- 
cineration; it  contains,  along  witti  charcoal,  iron  nearly 
reduced,  phosphate,  muriate,  arid  carbonate  of  soda,  and 
phosphates  of  iron  and  lime. 

The  preceding  chemical  history  of  blood  has  no  refer- 
ence to  the  different  states  in  which  it  exists  in  the  ani- 
mal system.  It  is  to  be  observed,  however,  that  there  are 
such  differences  j  that  the  blood  in  the  arieries  of  an  ani- 
msl  is  not  the  same  as  that  in  tlie  veins ;  and  the  nature 
of  this  difference  is  now  to  be  explained.  This  tncludeV 
tbc  cliemtcal  history  of  the  function  of  respiration,  bj 
which*  the  convrrsion  of  venous  to  arterial  blood  is  effect- 
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The  blood  which  retoms  to  the  heart  by  the  veins, 
from  the  ettremtties  of  the  arieries,  is  of  a  dark  red  co- 
lour verging  to  purple.  When  received  into  the  right 
ventricle,  it  U  immediately  thrown  into  the  pulmonary 
■rtery,  and  it  thus  conveyed  to  ihe  lungs.  In  these  it  ciri- 
cnUtes  through  extiemely  minute  vessels,  over  a  surface 
which  it  has  been  calculated  is  at  least  equal  to  (he  whole 
rxirmal  surface  of  tile  body.     During  this  rirculaiioh,  in 
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,  w>tiel)  it  U  exposed  to  (he  wtmospherk  air,  ^tefntUlT 
tnken  in  and  thrpwn  out  by  le^pir.^rtoii,  it  chitngn  tu  «- 
louit  becoming  cf  u  moTp  tloriil  r^d.  Ii  Li  ili«n  rvtuT^tsi 
iy  liic  pulmonary  veins  lo  ihc  Itfi  side  of  the  heart  i  a 
thrown  from  it  into  ihe  iQtUt  ^Hti  diiiiributvd  ihrougliilK 
iirteries  over  the  body,  in  the  atteriM  it  still  pteMna 
III  florid  rcil  hut^ ;  bin,  in  their  tninuie  esiTfituiiies,  tt  nf< 
kn  a  tliattge  oppHsiie  to  that  which  it  had  suxtained  it 
tb«  lungs :  it  accjuirrs  the  puipk-  hur,  and  constitute*  te< 
noui  hlood,  which  ii  ag&iii  imiseiliahHy  returned  to  the 
right  &iilc  of  the  heart.  WbiW  life  ejtsu,  thii  ciick  ii 
■uii,  and  these  reciprocal  changes  projuved. 

When  we  examine  chemically  iIk  pKif^Tlios of  Sltinl 
and  venou!!  btood,  we  find  no  oihi^T  ilil}*erciice  beiwMO 
them  chan  that  of  coJeor.  Tlu-y  eo»i>in  ihv  same  pfb- 
aplest  and  ace  subject  to  precisely  ilie  tame  chaitjcet  fnm 
chemical  agents.  The  difft-rencc  tif  colour,  however,  polnij 
out  some  difference  in  composition,  though  it  may  bsioj 
alight  to  be  discovered  by  analysis  i  and  when  we  eunvm; 
the  phenomena  of  respiration,  Mhiclt  are  intimately  con- 
nected with  the  change  of  venous  to  ^tnenai  bitiod,  vf 
find  that  such  a  difference  musi  actually  exist. 

In  respiration,  a  (juantity  of  atmospheric  air  is  reci'ii^J 
into  the  lungs,  :iiid  retained  for  a  short  time.  Wlieu  ex- 
pired, on  examining  it,  its  composition  is  fuuitd  to  in  al- 
tered. It  has  lost  a  considerable  part  of  ita  oxygen,  i^i 
it  contains  a  tjuamity  of  carbonic  ^cid.  The  cliange* 
whicli  it  has  8UiTi;re.l  are  inseparably  connected  with  ifai 
conversion  of  the  vcuoiis  into  artiri.d  iilocd,  jtUil  ccrnw:- 
tjuently  must  be  accompanied  with  cotrcsjicn^leiit  chiKj-cj 
m  the  composition  of  that  fluid. 
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This  it  the  subject,  then,  which  is  to  be  coosiclered|r<- 
the  chemical  changes  produced  in  the  bh>^  by  resfttra* 
tkniy  from  which  may  likewise  be  inferred  the  of^sit^ 
change  which  it  suffers  in  the  eitrene  vessels. 

The  6rst  point  to  be  determined  on  this  important  sub* 
}€Ct  relates  to  the  changes  which  the  atmo^eric  air  suffers 
in  the  Itti^s.    ' 

Dr  Black  bad  observed,  that  the  air  expired  from  the 
lungs  contains  a  qaantity  of  carbonic  acid,  aa  was  evideoc 
fjronii  the  milkin«S8  he  found  it  toproduoewheo  transmit** 
ted  through  lime-water.  Dr  Friesdey  some  years  after-* 
weirds  considered  respiration  as  analogous  to  what  be  nam- 
ed phlogistic  processes  in  general,  that  is,  to  processes  in 
which  oxygen  is  consumed  \  the  air^  in  respiration,  being 
diminished  in  weight  and  vohime,  and  being  no  longer 
capable  of  supporting  combustion  or  respiration.  Lavoi« 
sier  soon  after  ascertained  with  more  accuracy^  that,  during^ 
respiration,  the  oxygen  of  the  inspired  air  is  in  part  con- 
sumed, and  that,  in  that  process,  carbonic  acid  is  fprmed. 

When  these  discoveries  were  made,  it  became  an  ob« 
ject  of  importance  to  determine  with  accuracy  the  extent 
of  these  changes ;  in  other  words,  the  quantity  of  oxygen 
consumed,  and  that  of  carbonic  acid  produced.  With  re*  ^ 
gatd  to  this,  however,  the  results  of  the  experiments  of 
different  chemists  have  been  extremely  discordant ;  and 
there  are  peculiar  sources  of  fallacy  to  which  they  are 
subject,  which  it  is  difGcult  completely  to  obviate,  the 
changes  themselves  be'mg  liable  to  be  influenced  by  the 
state  of  the  circulation,  the  nature  of  the  food,  the  state  of 
the  assimilatory  organs,  and  the  temperature,  all  of  which 
it  is  not  easy  to  obtain  uniform.     The  experiments,  too, 
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bare  often  been  performed  in  an  improper  m; 
ni^mral  respiration,  but  on  air  repeatedly  inspired  }  orcrtn 
by  confining  an  animal  in  a  quantity  of  air,  when 
was  not  only  this  source  of  error,  but  inothcr  uot  ltt%\ 
pOTtant  in  the  elFects  of  cutaneous  transpiration. 

The  earliest  eKperimenls  were  those  by  Crawford 
Xavoisier.  Crawford  found,  that  when  iO.bS  cubic  in- 
ches or  20.1  grains  of  carbonic  acid  gas  were  formed, 
5CS6  cubic  inches  or  1S.9  grains  of  oxygen  were  COQ- 
mttned  *  ;  and  Lavoisier  obtained,  by  a  similar  csperimeoi, 
31  result  not  far  diiferent,  26  grains  {English  weight)  cf 
carbonic  add  being  produced,  when  23.2  grains  of  aij- 
gen  were  consumed  f  :  in  both  cases,  therefore,  a  largR 
proportion  of  oxygen  disappearing  than  was  necessary  to 
form  thequanttty  of  carbonic  acid  enpired,  on  the  common 
calculation  of  the  composition  of  that  acid,  that  ucoosifU 
of  72  of  oxygen  and  28  of  caih^.i.  The  ex-perim.'fU^, 
however,  were  made  in  tiif  L'sctpiiunable  manner  ol  con- 
fining an  animal  in  the  air  respired,  and  cannot  thetefoic 
be  altogether  relied  on  as  indicating  tlie  proportions  of  lh( 
changes  in  natural  respiration. 

Dr  Goodwill,  by  ejiamining  tht"  air  received  inio  tlir 
lungs  in  one  inspiration,  found,  that  when  twelve  cubic 
inches  were  breathed,  the  air  expired  had  lost  i.j'i  uf 
oxygen,  while  it  had  ac^iuired  1.1)2  of  carbonic  acidi  «> 
that  when  11  parts  of  carbnnic  acid  were  produced,  IJ 
parts  of  oxygen  by  measure  were  consumed  ;  or,  Ur  the 
»ke  of  comparison  with  other  experiments  statltig  tfiC 

•  Crawford  on  Animal  fltat.  p.  :i47. 
+  Annal^a  dc  Cl.imi>-,  loai.  v.  p.  2Q!. 
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consumption  of  oxygen  at  1 00^  the  production  of  carbonic 
acid  was  to  the  extent  of  84.6  *.  More  confidence  may, 
be  placed  in  this  resulti  as  it  is  free  from  the  sources  of 
error  to  which  the  preceding*  experiments  are  liable, 
though  still  it  may  be  liable  to  fallacy,  from  the  small 
quantity  of  air  operated  on,  particularly  from  this  quan- 
tity being  not  the  whole  of  what  is  submitted  to  the  ac- 
tion of  the  blood  in  the  lungs  in  a  single  resp^^ation. 

Priestley,  in  some  experiments  subsequent  to  those 
which  he  first  made  on  respiration  f ,  found  the  proportion 
of  oxygen  consumed  to  that  of  carbonic  acid  formed  higher 
than  the  proportions  above  stated.  He  breathed  repeated- 
ly in  100  ounce  measures,  or  189.8  cubic  inches  of  atmo- 
spheric air:  the  volume  of  the  air  was  reduced  to  71  ounce 
measures :  20.7  ounce  measures,  or  12.42  grains  of  oxiy- 
gen  had  disiippeared,  and  6  cubic  inches,  or  4.4  grains 
only  of  carbonic  acid  were  found  in  the  residual  air  \  this, 
according  to  the  usual  estimate,  contains  only  3.3  grains 
of  oxygen^  and  not  less  than  9.12,  therefore,,  had  been 
furdier  consumed.  The  difference  of  this  result  with 
those  of  others,  and  the  great  diminution  of  the  volume 
of  the  air,  must  render  the  accuracy  of  the  experiment 
doiibtful  \  and  what  proves  this,  indeed,  is,  that  in  ano- 
ther experiment  only  7.8  of  oxygen  disappeared,  when  4.4 
of  carbonic  acid  were  formed.  Probably  from  the  repeat- 
ed forcible  inspiration  of  the  same  air,  a  quantity  had  been 
absorbed,  or,  at  the  concluding  expiration,  the  due  pro- 
portion had  not  been  thrown  from  the  lungs.  v 


*  Connection  of  Life  with  Respiration,  p.  51. 
f  Philosophical  Transactions,  vol.  Izxx.  p.  108. 
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In  a  memoir  on  respiration,  in  the  Memoirs  of  the  Acf 
demy  of  Sciences  for  1780,  by  Seguin  and  Lavoisier,  it  il 
briefly  stated,  that,  from  experiments  by  the  former  cbfr 
mist  made  upon  himself,  the  mean  coiisumplkin  of  os^ 
gen  in  respiration  is  at  the  rate  of  a  cubic  foot  nn  hoS) 
which)  io  the  course  of  twemy-four  hours,  amomits  to  t 
lbs.  1  02.  1  dr.  and  that,  in  the  same  time,  the  quantity 
of  carbonic  acid  formed  is  equal  to  2  lbs.  5  oz.  4  dr.  whidi 
gives  a  proportion  of  1 00  of  oxygen  consumed  to  1 1?  Clfr  | 
bonic  acid  formed  ".  But  in  a  second  memoir,  in  the 
Transactions  of  the  Academy  for  1790,  a  different  re*n!t 
is  given  )  the  consumption  of  oxygen  by  respiration  » 
stated  at  a  little  more  than  22  cubic  feet  in  twenty-fovt 
hours,  (38.+ 13  cubic  inches),  or  3S  ounces  1  dr.  and  10 
grains  -,  while  the  quantity  of  carbonic  acid  formed  in  the 
same  time  t«  stated  at  only  8  cubic  feet  G  cubic  inches,  or 
17  ounces  ''  dr.  1.  grains,  which  is  in  the  proportion  of 
100  of  osygen  consumed  to  51.5  of  carbonic  acid  fonii- 
ed  f.  Such  a  discord.mce  prevents  much  confidence  from 
being  placed  in  either  result,  and  as  the  account  given  of 
the  experiments  is  brief  and  imperfect,  owing  to  the  cir- 
cumstances under  which  it  was  drawn  up,  it  is  in  n'm  to 
seek  to  reconcile  them  'i. 

The  experiments  of  Mr  Davy  on  this  subject  were  mtie 

•  M.moires  de  I'Aead,  dis  Sciences,  lTt-9,  p.  JTT. 
I  Ibid.  ITiffi,  p.  GOV. 

i  These  u-er.-  lU-  Lst  L.bours  of  Lavoisier.  He  f.-ll  a  vi.iim 
under  I'le  sanguinary  tyranny  of  Rubi-ipierre  ;  and  he  in  >-aiti 
reqiirsicd  a  s'lovl  lime  to  e;iable  liim  ti>  tomplae  there  in-por- 
taiit  r<.'.,-arelie;. 
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with  am  i^aratus  well  adapted  to  neasmre  accurately  the 
Tohunes  of  the  air  operated  on ;  and  as  Aej  were  per* 
formed  on  natural  reapiration^  they  appear  scarcely  itaUe 
to  any  source  of  error.  It  follows  from  tfaenii  that  when 
^1^  cubic  inches  of  oxygen  are  consumed,  which  is  in 
the  course  of  respiration  for  a  minute)  26.6  cubic  inches 
of  carbonic  acid  are  produced)  or  the  consumption  of  the 
foi»ef  isto  the  production  of  the  latter  as  100  to  84.1  *. 
Some  years  ago^  and  prior  to  Mr  Dairy's  experiments^ 
I  peiformed^iBome  in  a  similar*  manneri  of  which  I  read  an 
accowit  to  the  Medical  Society  -of  Edinburgh  f  •  A  large 
ditn  Tarnished  bladder  was  f  urmshed  with  a  stop-cock^  and 
by  a  little  practice,  I  acquired  4lie  facility^  inepiring^i^m 
dM»  external  atmosphere  and  into  the  bladder  $  the  stop- 
cock connected  with  it  being  shut  at  the  inspiration)  and 
beiag  opened)  by  turning  it  with  one  hand  while  the  nos- 
Cifls  were  dosed  with  the  odier,  at  the  succeeding  expi- 
tadon.  The  quantity  ^f  air  expired,  amounted  in  thirty 
teconds  to  ^5  cubic  indies:  by  transferring  a  portion  of 
it  dnrougfa  quicksilver)  and  exposing  it  in  a  gndjxsiffid  jar, 
to  a  solution  of  pure  potassa,  die  quantity  of  carbonic  acid 
it  omtsuned  was  discovered  ;  and  from  this  the  quantity 
contained  in  the  whole  expired  air,  when  brought  to  the 
mean  atmospheric  pressure  and  temperature,  was  found  to 
amount  to  16.57  cubic  inches.  From  this  a  small  deduc- 
tion must  be  made)  for  the  quantity  of  carbonic  acid  gas 
previously  contained  in  the  air  inspired  s  the  precise  a- 
mount  of  this  it  was  flDt  easy  to  determine,  by  experiment, 


*  Researches  on  Nitrous  Oxide,  p*  434f. 
f  Records  of  the  Medical  Society,  for  1798. 
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with  accuracy  :  but  it  may  be  supposed  to  be  about  pqua) 
to  the  above  firactional  parts,  and  ibe  rei)  quantity  nuy 
be  stated,  iherefore,  at  16  cubic  inches.  The  oiygen  in 
the  residual  air,  after  the  catbonic  acid  had  been  absirut- 
ed,  was  found,  by  various  eudiomccrical  methods,  to  b« 
equal  to  17.8  in  100  parts,  or  to  4^4.1  cubic  inches  in  tlu 
whole  expired  air.  It  remained,  therefore,  in  order  to 
discover  what  quantity  of  oxygen  had  been  consumed,  to 
discover  the  quantity  contained  in  the  air  inspired.  But  as 
the  air  received  into  the  lungs  was,  from  the  manner  of 
making  the  experiment,  by  breathitig  from  the  external  at* 
mosphere,  not  measured,  the  quantity  of  it  was  iufemd, 
from  the  quantity  expired,  adding  to  this  ^  of  voluiot' 
to  compensate  for  the  diminution  which  the  air  sustKlB  i 
in  respiration  *,  This  makes  the  quantity  of  air  inspiitd 
equal  to  270  cubic  inches  ;  and  this,  from  the  analysis  tt 
the  air  of  ihe  room  in  which  the  experiment  was  made, 
conlaini'd  (i3.4  cubic  incjies  of  oxygen.  But  the  expireil 
air  contained  only  44. 1  cubic  inches,  and  coiisequeiiiiy 
19.3,  or,  making  allowance  for  t lie  correction  requisite  lo 
bring  it  10  the  standard  atmospheric  pressure  and  tempe- 
rature, I'J  cubic  inches  of  oxygen  had  been  consume^,  li 


•  It  iiss  genci-.illy  Lri-n  obKfvv.'J  by  thnrf  who  have  m.Tl 
L'\pcnmeiils  on  tiiis  sulijixl,  lliat  tlif  air  siiiTor.s  a  Jimiiiiuiiiti  ( 
voUime  in  rei^piration,  or  lliat  the  qiiniitity  expired  is  not  i"i.ici 
ly  equal  tci  llie  quantity  iiispiicil.  Lavni^itr  sl.-iled  this  (iinii 
nution,  when  tlif  animal  brtallied  in  oxygen,  at  .\,  and  ri  i' 
njosplii-iic  air  at  J    of  the  volun.r;  and  Dr  Goodwyn,  at  fiur 

pcared  ta  mf  lo  be  fruni  j".  lo  ,',  ;  Imiee,  in  the  talculauonii 
the  trxt,  I  took  tiic  mean  i,iiml>er  of  ,"  .  from  ihi-  c\\^<-' 
ments  of  Alien  an.l  I'epys,  ho«-cv>r,  it  is  doubtful  if  aM  '■■■^ 
dimir.ution  tske  place. 
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foHowSf  therefor«i  from  these  experimentSi  that  in  the 
course  of  a  min'ute  S8  cubic  inches  of  oxygen  are  con- 
8umed>  and  52  cubic  indies  of.  carbonic  acid  formed)  or^ 
stating  the  former  at  100,  the  latter  is  equal  to  84.5*  The 
absolute  quantities  are  here  somewhat  greater  dian  in  Mr 
Davy's  experiments,  which  might  happen,  from  the  difie« 
rent  volume  ^f  the  hmgs,  the  rapidity  of  the  circulation, 
er  stati^  of  die  system  * ;  but  the  relative  proportions  a« 
gree  widiin  two  or  three  fractional  parts,  with  those  both 
of  Davy  and  Goodwyn ;  and  it  may  be  deserving  of  re- 
mark^ that  these  three  series  of  experiments  which  thus 
covreepond,  are  those  made  on  natural  respiration ;  while 
die  others,  all  made  in  a  difierent  manner,  present  very 
dEaoordant  resuhs. 

Mcnre  lately,  a  series  of  experiments  have  been  made 
on  dut  subject  by  Messrs  Allen  and  Pepys  f.  They  em* 
ployed  an  apparatus  in  which  the  volume  of  the  air  re- 
ared could  be  measured  with  great  accuracy,  and  in 
wbiehf  too,  a  large  quantity  (3  or  4000  cubic  inches) 
poold  \fe  respired  ;  so  that  the  source  of  error  to  which 
esperiments  on  a  smaller  «cale  are  liable,  from  the  influ- 
ance  of  the  residual  air  in  the  lungs,  is  much  diminished.* 
.  In  preceding  experiments,  already  referred  to  under 
die  ilistory  of  carbonic  acid,  these  chemists  had  found 
PaaaoD  to  conclude,  that  in  the  formation  of  that  acid  by 
Klie  'combination  of  charcoal  with  oxygen  gas,  there  is  no 


The  absolute  quantity  of  oxygen  consumed,  is*  nearly  the 
with  that  given  by  Dr  Menzies  :  he  states  it  at  36  cubic 
aicbes  in  a  minute.— Disscrtatio  Inauguralis  dc  Respiratione. 
Kdio.  1790. 

f  Philosophical  Transactions  1808* 
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change  of  volume,  the  volume  the  carbonic  acid  gat 
|nes,  being  exactly  that  which  the  oxygen  gas  fiUed.  Tfl 
detetmine,  therefore,  the  relative  proportioat  of 
gae  consumed}  and  of  carbonic  acid  gas  formed  ii 
ration,  and  of  course,  to  ascertain  whether  a  pottkncf 
oxygen  is  consumed  besides  what  b  necessary  to  (on 
the  carbonic  acid  expired,  nothing  more  was  neccMuy 
than  to  determine  whether  the  volume  of  the  air  imjiiti 
experienced  any  change  >n  the  lungs.  From  their  upe* 
riments,  a  slight  diminution  appeared  to  be  produced  ii 
the  air  by  respiration.  It  wm  eiMch  smaller*  ho«e«n 
than  that  observed  by  former  cbeiniMs ;  and  thry  coa» 
dered  it  as  arising  entirely  from  the  difficulty  of  I 
the  tungs  into  the  same  state  at  ilie  end  of  the 
ment  as  at  tlic  conunencemenl.  A  forcible  expiratieii  i>- 
to  the  open  air  is  made,  so  as  to  empty  the  lui^  at 
as  possible  previous  to  the  Erst  impiratton-,  and  in  I 
nating  the  experiment  with  a  similar  expiration  into  ik 
gazemeter,  there  must  be  some  resistance  from  (he 
ratus,  even  though  it  U  poised,  so  tliat  ihc  »mc  qn 
exactly  might  not  be  thrown  out.  And  they  iiLUiii^) 
found  what  confirms  this,  that  when  the  expenraeat  M 
continued  for  a  long  time,  instead  of  the  diminution  P^ 
linuing  to  bear  the  same  relative  proportion  to  the 
tity  of  air  which  had  passed  through  llie  Inngi  in  lb< 
time,  it  had  become  less ;  so  that  in  an  cxpcrawat  ia 
which  the  respiration  continued  2^  minntcj,  and  in  ^ 
course  of  which  9890  cubic  inches  of  atmosphetk  w  W 
been  inspired,  the  expired  air  measured  9873,  drlhV 
was  a  deficit  on  this  largequantity  of  only  18  ciiJncii^ 
The  Important  result  therefore  appear*  to  be 
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by  tbete  experiments,  in  opposition  lo  those  of  preceding 
chemists,  that  in  rtspiration  there  is  no  consumption  of 
oxygen  beyond  what  i*  necessary  to  form  the  carbonic  a- 
cid  expired.  The  tjuaniity  of  carbonic  acid  expired  must 
of  course  be  liable  to  some  variation  in  different  indiVi- 
diuls,  and  undrr  ditfercnt  circumstances:  it  is  greater, 
for  example,  in  a  given  time,  when  respiration  is  per- 
formed quickly  t  in  this  case  they  found  the  quantity  to 
be  3'2  cubic  inches  in  a  minute;  but  in  respiration  aa 
nearly  natural  as  possible,  they  estimate  it  on  an  average 
St  86.6  cubic  inches,  at  the  temperature  of  50°,  and  the 
barometrical  pressure  of  30.4>.  And  as  oxygen  gua  oc- 
copies  exactly  the  same  space  when  convened  into  car- 
bonic acid  gas  as  it  docs  in  its  pure  siaiei  this  of  course  is 
alto  the  quantity,  estimated  by  volume,  of  the  oxygen 
CODHimed  in  the  same  time. 

ITwse  experiments  agree  nearly  with  the  most  accurate 
of  those  formerly  made,  as  to  the  quantity  of  carbonic  a- 
cad  formed  in  rispiratioii,  and  dillVr  only  in  the  result, 
ihxt  there  is  no  diminution  of  the  air,  and  therefore  no 
OM.fpin  an  be  supposed  to  be  absorbed  into  the  system. 
Xberc  can  b«  no  doubt  but  that  the  source  of  error  which 
g»ve  rise  lo  the  opposite  conclusion,  might  exist  in  eipe- 
riments  pi-rfoimed  en  a  small  scale  ;  and  tint  it  is  best 
obviaied  ill  the  manner  of  performing  the  experiment  fol- 
lowed by  Messrs  Allen  and  Pepys.  As  after  all,  however, 
a  aniiUl  diminution  was  perceived  in  their  expetimeots; 
and  >9  also  in  Tespiration,  under  other  circumstances, 
tbey  allow  that  a  quantity  of  oxygen  is  absorbed  into  the 

iiera,  as  I  shall  have  immediately  to  state,  some  m^y 

be  inclined  (o  maintain  the  position,  that  there  is 

T,  !  t 


J 
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•  The  air  expiral  from  tbe  Im^Si  alwiyi  ceotanaapM- 
I^Bdo  of  vnterj  vapour,  a«  is  nident  fnm  ka 
Vfi«n  we  breathe  in  a  coM  atiDO«pbci?.  The 
difficult  to  estimate  witk  accoracy.  OrMenzies 
into  a  large  albntoid,  which  bad  been  wdgbed  iitaidi- 
cate  balance  -,  the  air  was  allowed  to  remain  in  it  far  a^ 
timcr  to  allow  of  the  condensation  of  the  vspotir,aiidfn 
the  weight  the  allantoid  gaiiwd,  be  concladed,  that  3  fiwi 
of  watery  vapour  are  expired  in  a  minnte.  Mr  Abeniediyi 
by  breathing  into  a  glass  vessel  adapted  to  cotulense  dit 
watet)  found  the  quantity  equal  to  3  grains  in  a  »■ 
nulc  '.  In  the  series  of  experiments  of  which  I  hangiMi 
an  account,  I  endeavoured  to  determine  th«  qiuntiiy,  by 
putting  a  quantity  of  acetate  of  potatsa,  a  sak  ver^M- 
quesceni,  into  a  thin  bbdder  with  a  stop-cock,  and  weifb- 
ing  the  whole  in  a  delicate  balance,  then  breathing  into 
the  bladder  for  half  a  minute,  and  confining  the  eipiini 
air  seven  minutes  longer.  It  was  then  expelled,  and  tbe 
bladder  was  found  to  have  increased  in  weight  3  graiffi. 
The  acetate  of  potassa,  exposed  to  the  same  volume  of  tht 
air  of  [he  room  for  the  same  time,  increased  in  weigt; 
neatly  half  a  grain  ;  and  hence  I  inferred,  what  evicil' 
corrcsponils  with  Mr  Abernethy'a  estimate,  that  3  gnm: 
of  watery  vapour  arc  expired  in  a  minute. 

It  is  lastly  to  be  determined,  what  is  the  inBuen<:<  <:■'• 
the  nitrogen  uf  ilie  atmosphere  in  respiration  i  and  wiri 
regard   to   this   dill'ercnt  conclusions  have  been  fonsfi 


•  Pliysiological  Essays,  p.  HI. 
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hmmetf  in  his  early  experiments^  considered  the  nitro* 
gen  of  the  atmospheric  air  as  suflbring  no  change  in  re- 
spirarion  *•  Priestley^  in  the  experiments  already  referred 
tOy  in  which  he  breathed  the  same  aur  repeatedly,  obsenred 
an  apparent  consumption  of  its  nitrogen  as  well  as  of  its 
oxygen,  14  ounce  measures  having  disappeared  in  one  ex- 
periment in  which  100  ounce  mieasures  had  been  thus 
breathed,  and  a  similar  result  baring  been  repeatedly  ob- 
tsuned*  But  he  adds,  <<  At  the  suggestion  of  Dr  Biagden, 
I  now.  think  it  more  probable  that  the  deficiency  of  phlo- 
ipsticated  air  (nitrogen  gas)  was  owing  to  the  greater  pro- 
portion of  it  in  the  lungs  after  the  process  than  before/' 

Mr  Davy  afterwards  investigated  this,  and  concluded 
that  nitrogen  is  consumed  in  respiration.  He  found  in 
all  Ins  experiments,  that  a  quantity  of  it  disappeared ;  this 
amounted  to  about  two-tenths  of  a  pubic  inch  at  each  na- 
tural respiration,  13  cubic  inches  being  the  quantity  of 
air  taken  into  the  lungs ;  and  as  the  number  of  natural 
inspirations  amounted  in  a  minute  to  26  or  27,  it  follow- 
ed, that  in  that  time  5.2  cubic  inches  of  nitrogen  are  con- 
sumed,— a  result  which  was  confirmed  by  continued  re- 
.  spiration,  as  well  as  by  the  respiration  of  animals  confined 
in  a  portion  of  air,  though  in  the  latter  case  the  quantity 
consumed  appeared  to  be. less f. 

'  This  absorption  of  nitrogen  in  respiration  appeared  to 
be  confirmed  by  some  other  experiments.  It  was  observed 
by  Dr  Henderson,  in  breathing  a  portion  of  air  repeatedly 


•  Memoires  dc  PAcad.  des  ScienceSi  1777.    Memoircsdc 
la  Soci^te  de  Medecine,  1783. 
t  Chemical  Researches,  p.  434. 
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I  ffom  and  into  »  gxtomna  *  -,  snd  it  seemed  l)kewiNj||1 

te  eUabliUied  by  the  experinwnu  of  FfaiTf . 

TIies«  experiments,  howevar,  are  not  fiee  front  (aUKft 

I  pvttcubrly  those  where  the  ume  qoanttty  of  air  wu  rt- 

Ty«atcdly  breiihed  i  for,  as  Mr  Ellis  has  ju&tly  obeervcj  i, 

[  the  respiration  as  it  proceeds  becomes  nvare  dii&cuU  Koi 

I  laboiiouE,  and  is  at  length  terminated  by  a  feeble  cxpii»- 

[  lion,  in  consequence  of  which  the  due  proportion  of  lir 

E^  not  throvn  from  the  lungs.    There  appears,  therefoR) 

I  a  diminution  ;  and  accordinj^ly  it  is  staled  by  Pfaffi  thii 

t  the  diminution  and  the  loss  of  aitrogen  is  alwajs  grvater 

the  longer  the  air  is  respired.     There  can  be  little  doi^ 

L  Aat  the  apparent  diminution  arises  from  this  cause;  and, 

p4ccordingly,  in  the  experiments  of  Allan  and  Fepfs  in 

ivhich  this  source  of  error  was  avoided,  there  i»  no  ^ 

parent  consumption  of  nitrogen.     The  same  result  ii 

stated  to  have  been  obtained  in  the  last  experiments  of 

Lavoisier  and  Seguin,  "  there  being  neither  any  di^D- 

gagcment,  not  absorjition  of  nitrogen  gas  during  respire 

tion  \\."     From  the  experiments  of  Vauquelin,   SpalUn- 

2ani  and  Ellis  §,  it  also  appears,  that  there  is  no  sensible 

consumption  of  nitrogen  by  the  respiration  of  the  lower 

orders  of  animals,  while  there  is  the  usual  consumption  oi 

oxygen  and  formation  of  carbonic  acid. 

It  now  remains  to  take  a  view  of  the  theories  that  hare 


'  Nicholson's  Journal,  vol.  viii.  p, 

[■  Ibid.  vol.  xii.  p.  24.9. 

j.  liKjuiry  on  Vegetation,  Rcspira 

(I  M^-iiioircB  Je  I'Acad.  des  Scien 
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t  proposed  (»  account  for  these  changes,  resulting 
from  the  reciprocal  aciion  of  the  blood  and  the  air  in  re- 
spiration, and  by  which,  as  has  been  already  remarked,  the 
bJood  is  at  the  same  time  couverted  to  the  arterial  state. 
Dr  Priestley  considered  these  phenomena  as  owing  to 
the  disengagement  of  phlogiston  front  the  blood  in  the 
lungs,  and  its  combination  with  the  air  *,  a  theory  modi- 
fied and  rendered  more  comprehensive  by  Crawford. 
He  had  originally,  in  his  explanation  f,  adopted  the  term 
phlogiston,  and  supposed  the  blood  to  receive  this  principle 
in  the  extreme  vessels,  and  to  give  it  out  in  the  longs.  In 
the  progress  of  the  science,  this  term  required  to  be  de- 
fined or  expunged ;  Crawford  substituted  hydrogen  for 
it :  but  as  the  combination  of  pure  hydrogen  with  oxygen 
in  the  lungs  could  not  account  for  the  production  of  car- 
botik  acid,  he  supposed  it  to  be  that  species  of  gas  which 
it  disengaged  from  vegetable  substances  by  heat,  the  hea- 
vy inBammable  air  of  the  older  chemists,  the  carburetted 
hydrogen  of  the  modern  nometiclature  I.  This  hydro- 
carbon, as  it  was  named,  he  assumed  to  be  communicat- 
ed to  the  Uood  tn  the  extreme  vessels,  by  which  its  con- 
version from  the  arterial  to  the  venous  state  is  occasion- 
ed i  in  the  lungs  he  concluded  it  to  be  given  out,  and  in  its 
nucent  t;tate,  or  its  transition  to  the  elastic  foim,  it  com- 
bined, he  supposed,  with  the  oxygen  of  the  air,  and  form- 
ed the  carbonic  acid  gas  and  watery  vapour  expired,  while 
the  blood  deprived  of  its  hydro'carbon  returned  to  the  ar- 


I- 


•  Philosophical  Trairticttone,  1776. 
t  Crawfottl,  on  Animal  Heat,  1779. 
iineati  and  Observation!  on  Animal  Utat,  '2i  edition. 
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tcrial  Stale.  Tlje  same  explanation  nearljr  was  givm  by  La- 
voisier, at  least  he  advanced  tlie  opinian  that  the  carbcKuc 
acid  gM  and  watery  vapour  of  the  CKpired  air  axe  (omcA 
by  the  conibinatiofi  of  carbon  and  hydrogen  from  the  hiooi 
with  oxygen  in  the  Jungs. 

Lavoisier  had  also  f^ggested,  that  the  combinatino  of 
oxygen  with  carbon  might  take  place  in  the  course  ot  die 
circulation  * ;  that  ihc  oxygen  which  disappears  in  respi- 
ration may  be  ab^rbed  by  the  blood,  while  carbonic  mi 
may  be  given  out  fully  formed.  This  hypothesis  was  af- 
tCTwardd  adopted,  and  end<;avoure<l  to  be  esiablishe*!  by 
Ua^senfraiz  and  La  Grange  f.  They  observe,  tfui  n- 
nous  blood  exposed  to  oxygen  acquitcs  a  vivid  red  cokxir,  ' 
which  sooit  changes  to  a  purple  hue ;  and  that  ancraJ 
blood  pbced  hi  vacuo,  or  in  contact  with  any  gas  wfaidi 
does  not  contain  oxygeO)  quickly  assumet  dM  dark  paipie 
colour,  Tliey  conclude,  tli  ere  fore,  that  the  florid  red  co- 
lour of  the  blood  is  the  ri-'iulttif  iht  absorption  of  oiygeDj 
while  the  liark  vynous  colour  ariacs  from  the  intimate  com- 
bination of  t!iat  oxygen  with  a  [lortion  of  the  carbon  and 
hydrogen  which  the  blood  contains.  According  to  ihii 
theory,  oxygen  is  absorbed  by  the  blood  in  the  lungs,  re- 
mains in  the  jrterul  blood  for  a  time  in  a  state  of  soiu- 
lion  or  loose  combli-.stiou,  but  it  gradually  passes,  espe- 
cially irt  the  extreme  vessels,  into  more  mtimale  combiiii- 
lion  with  carbon,  forming  carbonic  acid,  in  consequence 
of  which  the  blood  passes  to  the  venous  state  ;  and  from 
this  venous  blood  the  carbonic  acid  is  disengaged  in  the 
lungs,  and  a  new  portion  of  oiygen  absorbed. 


■|-  Mcmoircs  de  I'Acad.  dts  Sciences,  177T,  p.  ll'I, 
■  Aiiiwlea  de  Chimic,  torn.  ix.  p.  -^61. 
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These  two  hypotheses  have  divided  the  opinitos  of  phy- 
siologists) one  or  other  of  them  being  embraced.  They 
are  both)  however)  defective ;  their  principles  are  not  pro- 
ved) and  they  involve  suppositions  incompatible  with  the 
laws  which  appear  to  regulate  the  chemical  actions  that 
proceed  in  the  animal  system.  No  proof  is  given,  in  the 
system  of  Crawford)  of  hydro-cavbon  being  communicat- 
ed to  the  blood  in  the  extreme  vessels;  nor  is  It  easy  to  ima- 
gine any  source  whence  this  principle  in  an  insulated  state 
could  be  derived  i  for,  although  it  has  been  imagined)  both 
by  Crawford  and  HassenfratZ)  that  it  may  have  its  origin 
in  the  solid  parts  of  the  system  being  absorbed,  this  is  re- 
fated  by  the  considerations)  that  this  absorption  -is  per- 
formed) not  by  the  veinS)  but  by  the  lymphatics  ;"tbat  it 
ia  not  sufficiently  uniform)  nor  limited  to  carbon  and  hy- 
drogen ;  that  to  whatever  extent  it  may  be  carried)  the 
blood  must)  in  a  state  of  health,  deposite  as  much  as  is  re- 
moved ;  and  that  there  is  no  evident  cause  by  which  the 
carbon  and*  hydrogen  can  be  separated  from  the  otlier  ele- . 
nientS)  and  be  brought  into  binary  combination.  Andj^in 
the  theory  of  HassenfratZ,  though  it  were  granted)  that  a 
portion  of  oxygen  is  absorbed  by  arterial  blood)  there  ir 
no  proof  that  this  is  combined  merely  with  carboU)  and 
that  carbotiic  acid)  the  result  of  this  combination)  is  con- 
tained in  venous  blood.  We  have  even  proof  that  the  lat- 
tet:  supposition  cannot  be  just ;  for,  when  arterial  blood  is 
exposed  to  carbonic  acid  gas  until  its  colour  is  darkened) 
it  does  not  recover  its  florid  huefrom  subsequent  exposure 
to  oxygen  *)  and  is  therefore  not  venous  blood. 


*  Priestley)  Experiments  en  Air,  toI.  iii.  p,  363.  365f 


Neither  are  the  changes  which  these  hypotbewi  nip- 
pose,  analogous  to  the  usual  chemical  operacionB  of  flw 
jiiimat  system,  or  sufEciemly  connected  with  the  putpOMS 
which  the  blood  serves  in  its  circulation.  They  both  sup- 
pose, that  the  changes  which  the  blood  undergoes,  depends 
not  on  alterations  in  its  composition,  strictly  speaLing,  fant 
on  the  alternate  communication  and  abstraction  of  a  pris* 
ciple  htld  by  it  in  a  state  of  solution,  and  which  appears 
to  serve  no  purpose  in  the  animal  economy,  but  is  assum- 
ed merely  to  account  for  the  phenomena  of  respiration. 
The  supposition  itself  is  extremely  improbable.  "When 
'  the  general  facility  of  combination  in  the  principleB  of  ani- 
mal matter,  and  the  tendency  which  the  actions  of  the  ves- 
sels have  to  form  them  into  ternary  or  quaternary  princi- 
ples, are  considered,  it  can  sc^ircely  be  admitted,  according 
to  the  one  theory,  that  oxygen  should  be  absorbed  by  the 
blood  in  the  lungs,  without  immediately  altering  its  com- 
position ;  that  without  being  attracted  by  any  of  the  other 
principles  of  the  blood,  or  influenced  by  the  other  chemi- 
cal changes  going  on  in  the  system,  it  should  be  merely 
combined  with  carbon,  in  the  proportions  necessary  lo 
'form  carbonic  acid  ;  and  that  this  carbonic  acid,  without 
affecting  the  ultimate  composition  of  the  blood,  should  be 
carried  the  whole  length  of  the  venous  circulation,  and 
thrown  out  at  the  tungs.  It  is  equilly  improbable,  ac- 
cording to  the  hypothesis  of  Crawford,  that  carbon  and 
hydrogen  should  be  brought  into  a  state  of  binary  combU 
nation  in  the  ettreme  vessels,  and  should  be  held  merely 
dissolved  by  the  venous  blood,  utitil  acted  on  by  the  oxy- 
gen of  the  air  in  respiration. 

Still  less  axe  the  changes  which  theie  explanations  as- 
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tumeg  connected  with  the  known  changes  which  the  blood 
suffers;  for  no'relatioh  is  traced  between  the  process  o£ 
assimilation  or  of  secretion^  and  the  supposed  comnuni- 
cation  of  hydro-carbon^  or  the  corabihation  of  hydro- car- 
bon and  oiygen^  in  the  extreme  vessels,  in  any  theory 
of  resptrationi  the  conrersion  of  arterial  into  venous  biood 
ought  to  be  considered  as  intimately  connected  with  tlie 
changes  constantly  carried  on  in  the  extreme  vessels ;  and 
this  conversion,  as  well  as  that  of  venous  into  arterial 
bloodi  must  be  regarded  as  arising  from  changes  in  the  ul* 
timate  composition  of  the  known  proximate  principles  of 
the  blood,  and  not  from  the  alternate  communication  and 
abstraction  of  a  principle  which  it  holds  dissirived  in  it,  or 
in  what  is  termed  a  state  of  loose  combination.  Accord- 
ing to  this  view  of  the  subject,  I  would  give  the  following 
explanation  of  these  phenomena. 

The  blood  is  the  source  whence  all  the  parts  of  the 
body  and  the  products  of  the  system  are  formed.  Its  ex- 
penditure is  constantly  supplied  by  the  chyle,  a  fluid  less 
completely  animalized  than  the  blood  itself.  The  pecu- 
liar character  of  animal  matter,  with  regard  to  composi^ 
tion,  is  a  large  propoition  of  nitrogen,  and  a  diminished 
fToportion  of  carbon.  It  may  therefore  be  inferred,  that 
in  the  extreme  vessels,  where  the  animal  solids  and  fluids 
are  formed,  the  general  process  will  be  the  separation 
from  the  blood  of  those  elements  of  which  atiimal  matter 
is  composed ;  and  that,  of  course,  carbon,  which  enters 
more  sparingly  into  its  composition,  will  exist  in  the  re- 
maining blood  in  an  increased  proportion.  This  is  ac- 
cordingly the  general  nature  of  th  conversion  of  arUrlJ  in- 
to venous  blood.     Nitrogen,  hydrogen,  and  otlior  elcrrieats^ 


are  spent  in  the  formation  of  new  products)  and  thcpmt- 
tnate  principles  of  the  blood,  probably  the  crassamenium 
chiefly,  remain  with  an  increased  proportion  ofcarbon.  In 
this  state  it  is  eiposed,  under  a  very  esLtensive  surface,  lo 
the  atmospheric  air  in  the  lungs,  the  oxygen  of  which  ab- 
stracts its  excess  of  cjrbon,  and  forms  the  carbonic  acid 
expired,  and  this  coasiitutes  tfif  conversion  ^vewusiiiK  ar- 
terial  blood  ". 

There  is  little  reason  to  suppose,  that  any  combination 
of  the  oxygen  of  the  air  with  the  hydrogen  of  the  blood 
takes  place.  The  supposition  that  it  does,  and  that  thit 
ie  tlie  source  of  the  watery  vapour  expired,  originated  in 
the  hypothesis  of  Crawford,  which  supposed  hydro-carbon 
to  be  disengaged  from  venous  blood.  No  fact  has  been 
staled  in  its  support  ;  it  is  a  combination  which  can  af' 
parently  serve  no  purpose  in  the  animal  economy!  for  by 
drogen  exists  in  as  large  a  proportion,  f  itkI  even  in  .1  br- 
gcr),  in  animal  as  in  vegetable  matter.  And  there  can  bi- 
no  doubt,  that  the  degree  of  evaporation  from  a  moist 
surface,  so  extensive  as  that  of  the  internal  surface  of  the 
lungs,  at  the  temperature  of  90°,  is  adequate  to  account 
for  the  whole  of  the  watery  vapour  expired. 

We  thus  consider  the  conversion  of  arterial  into  venous 
blood,  as  intimately  connected  with,  or  rather  as  the  re- 
sult of  the  other  chcmicil  changes  going  on  in  the  system; 


*  Were  it  proveil  that  a  puition  ul  oxygen  disappears.  Ix'- 
'iJfS  lliat  nrcessary  to  fonn  tlie  caibork  acid  expired,  it  wouiJ 
be  necessary  farther  lo  admit,  thai  a  portion  iif  oxygen  enters 
inlii  the  composition  of  arterial  blooi!,  to  support  the  aetion! 
of  the  system  ;  but  the  fact  witb  regard  to  this  1  have  already 
stated  i^  doubtful. 
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and  we  perceive  from  this  view,  the  final  purpose  of  the 
process  of  respiration.  In  the  extreme  vessels,  the  differ- 
ent constituent  principles  of  the  blood  are  expended  in 
the  nourishment  of  the  solid  fibre ;  in  the  formation  of  the 
secreted  fluids ;  and  in  the  support  perhaps  of  the  living 
powers.  Of  these  principlesi  carbon  is  that  contained  in 
the  smallest  proportion,  in  these  solids  and  fluids ;  it  is, 
therefor^,  that  of  which  there  is  the  least  expenditure,  and 
consequently  it  must  be  present  in  a  larger  proportion  in 
th^  blood,  after  it  has  undergone  these  changes.  It  is  evi- 
dent, that  to  preserve  the  due  proportion,  and  prevent  it 
from  accumulating,  it  must  be  discharged  by  some  other 
process.  Hence  the  necessity  of  the  application  of  oxy- 
gen to  the  blood  in  the  lungs,  and  the  origin  of  the  car- 
bonic acid  which  is  uniformly  discharged. 

We  thus,  too,  trace  the  process  of  animalization  from 
the  reception  of  the  aliment  to  its  completion.  All  ani- 
mals live  directly  orltidirectly  on  vegetable  matter.  The 
principal  difference  in  the  composition  of  vegetable  from 
that  of  animal  substances  is,  in  the  former  containing  a  lar- 
ger proportion  of  carbon.  Respiration  is  the  function  by 
which  this  difference  is  established.  The  aliment  recei- 
ved into  the  stomach,  is  soon  formed  into  a  fluid  capable 
of  assimilating  with  the  blood.  It  is  thus  conveyed  to  the  • 
lungs,  and  loses  part  of  its  carbon,  or  is  partially  anima- 
lized.  It  is  then  distributed  through  the  system,  and,  in 
the  extreme  vessels,  along  with  carbon,  parts  with  so  much 
hydrogen,  oxygen,  nitrogen,  and  other  elements,  as  still  to 
leave  carbon  predominant.  By  these  reciprocal  changes, 
the  conversion  of  vegetable  into  animal  matter  is  effected. 

It  might  be  supposed,  that  in  any  view  such  as  that 
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lich  lias  bcc-ii  DOW  given,  there  must  be  some  <]jfficnlij  ^ 
conceiving  ihat  oxygen  gas  ^hculd  combine  ivithcii' 
bon  with  »o  much  faciliiy,  at  a  temperatwre  so  mtich  low- 
er than  rlat  which  is  in  general  necessary  for  tbeir  uniop, 
and  this,  100,  with  the  intervention  of  the  coats  ef  ibt 
'*essels  through  which  the  blood  circulates,— >4  diAcvlij 
ipposcd  to  be  obviated  in  tlie  system  of  Cnwfotd  lai 
ivoisier,  by  the  carbon  being  combined  with  hydngo, 
'tOiming  an  elastic  compound,  with  which,  in  its  natcoa 
State,  or  in  the  moment  of  its  disengagement  f ro«  tk 
lod,  the  oxygen  combined  -,  and  in  the  hypothesis  of  I> 
gftnge,  by  the  combination  between  the  oxygen  and  tm- 
bon  being  gradually  formed  in  the  course  of  the  cimkv 
tton.     On  attending,  however,  to  the  objection,  it  viA  bt 
found  to  have  no  real  force.     Although  carbon,  in  in» 
Kd  and  insulated  form,  requires  to  be  raised  to  a  hightr»-  ' 
perature  to  cause  it  to  conibiiie  wiih  oxygen,  yet  wK' 
it  mjkos  part  of  a  ternary  or  c[tiaternary  combination,  c 
which  state  its  cohesion  no  longer  opposes  the  combim-  I 
tion,  it  is  ?-bs:rjct?d,  and  combined  with  oxygen 
natural  temperature.     It  is  thus  that  many  of  ihe  rtrgto- 
blr  and  animal  subitancci;,  when  humid,  are  altered  byrt- 
posure  to  the  air,  and,  as  has  been  already  often  remjrt> 
eil,  carbonic  acid  formed.      Pilood  irscif  is  acred  ttpoH 
this  manner,     it  sutlers  a  change  precisely  simit.(r  todii 
which  it  undergoes  in  the  lungs,  and  this  more  ot  V* 
rapiiily,  and  lo  a  greater  or  leas  extent,  according  ic  it* 
(juantity  of  cxygen  present,  and  the  degree  of  agttaw* 
used.      Arterial  blood  was  csposed  by  Fontana  re  jOT* 
fpUeric  air  for  three  minutes,  when  no  perceptible  i.'iff*- 
tion  was  occisiont-'d  in  ihe  pnrity  of  the  air  :  tbc  ■' 
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then  agitated  together  for  three  ipinutes :  the  volume  of 
ait  was  dimiDished,  and  its  purity  impaired.  When  oiy- 
gen  gas  was  substituted  for  atmospheric  air,  the  aheratioti 
was  stili  more  considerable,  its  purity  being  diminished 
even  when  agit^ion  was  aroided  ;  and  when  it  wasusedi 
the  diminution  in  purit]r  and  volume  was  still  greater.  In 
aQ  ihetc  experiments,  cari>onic  acid  was  also  produced  *. 
They  therefore  prove,  that  oxygen  can  attract  carbon  from 
arterial  Mood.  With  venous  blood,  the  formation  of  car- 
bonic acid  is  still  greater,  as  Luzuriaga  ascertained  f.  tf 
therefore  oxygen  can  abstract  carbon  from  the  principles 
of  the  blood,  under  such  circumstances,  it  is  evident  it 
must  do  so  still  more  rapidly  during  respiration,  where  the 
circumstances  arc  so  much  more  favourable,  where  there 
is  comparatively  a  high  and  uniform  temperature  kept  up, 
where  the  blood  is  exposed  on  an  extensive  surface,  and 
in  a  state  of  extreme  division,  and  where  that  surface,  as 
veil  as  the  »a  itself,  are  rapidly  renewed. 

Nor  can  it  be  supposed,  that  tlie  thin  membrane  which 
/omu  die  coals  of  the  vessels  through  which  the  blood 
circulates  can  oppose  an  obstacle  to  ttiis  reciprocal  action  i 
Sot  it  is  known,  that  animal  membrane  much  more  dense 
than  tliti,  is  sufficiently  pervious  to  gaseous  fluids,  and, 
what  is  perfectly  in  point  in  the  present  case,  that  through 

f  membranes,  when  humid,  oxygen  can  act  on  blood, 
ommunicate  to  it  the  florid  colour,  the  same  as  when 
il  fr«e)y  exposed  to  it.     Thus,  Dr  Priestley  found 


*  Opuscules  Physique!,  p.  334,  33S. 
^  Dittcruititt  loauguralia,  p.  S9,  5i. 
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closed  in  a  moistened  blatJder,  which  was  tied  t*ry  closd 
on  hanging  it  in  a  free  csposute  to  the  air,  it  acquired 
•'  ;i  coating  of  a  florid  colour,  as  thick  as  it  would  hate 
acquired  if  it  hid  been  immcdi;itely  exposed  to  the  open 
air ;  so  that  this  membrane  had  been  no  impedimert  to 
the  action  of  the  air  wpon  the  blood."  Mr  Hunter  men. 
tions  a  similar  experiment :  "  1  entered,"  says,  he,  **  the 
mouths  of  vessels  filU-d  with  venal  blood  with  gold-beai- 
m'  (kin,  touching  ihe  surface  of  the  blood,  and  the  blood 
constantly  became  of  a  flurid  red  on  the  surface,  and  even 
for  some  dcplh  ■"  It  follows,  from  these  facts,  that 
there  is  no  necessity  for  supposing  any  organic  structure 
by  which  these  changes  may  be  effected,  or  any  process 
by  which  the  carbon  requires  to  be  separated  from  the 
blood  and  discharged  }  that  fluid  may  be  considered,  when 
circulating  in  vessels  so  fine,  as  exposed  to  the  action  of 
oxygen  nearly  as  if  rto  membrane  were  interposed  :  a  part 
of  that  oxy;^cn  approximated  to  the  blood  wilt  combine 
with  a  portion  of  its  carbnii,  and  the  carbonic  acid,  the 
moment  it  is  formed,  will,  ftom  iis  elasticity,  recede  and 
be  discharged.  The  whole  action  is  purely  chemic.d,  and 
preci;iely  the  same  as  that  which  is  exerted  between  air 
and  blnod  out  of  the  body,  favoured  only  by  the  circum- 
stances of  exposure,  temper, .ture,  and   agitation,   und.v 
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ford  established  by  experiment,  that  less  oxygen  is  consu- 
med by  respiration  at  a  high  than  at  a  low  temperature  *  ; 
and  {his  was  confirmed  in  the  experiments  of  Lavoisier  and 
Seguin  f ;  a  man  consuming,  at  the  temperature  of  54^, 
lS4i  cubi^  inches  of  oxygen  in  an  hour,  while,  in  an  atmo- 
sphere at  the  temperature  of  79^,  he  consumed  only  1^10 
cubic  inches.  Dr  Crawford  observed  also,  that,  in  an  animal . 
placed  in  a  warm  medium,  the  venous  blood  approached 
to  the  arterial  in  colour ;  hence  it  appears,  that  the  high 
temperature  counteracts  those  chemical  changes  which  the 
blood  undergoes  in  the  extreme  vessels,  and  that  the  dimi- 
nution in  the  consumption  of  oxygen  by  respiration  i$ 
owing  to  this  cause,  and  not,  as  has  been  supposed,  to  the 
lartty  of  the  air  at  the  high  temperature.  If  the  consump- 
tion of  oxygen  were  diminished  from  the  latter  cause,  the 
l^ood  ought  to  be  even  more  completely  venous  than  usual. 
la  the  series  of  experiments  by  Lavoisier  and  Seguin,  was 
ilso  confirmed,  and  shown  with  perhaps  more  accuracy, 
yfhu  however  had  formerly  been  known,  that  the  con- 
sumption of  oxygen  is  influenced  by  the  food  and  by  the 
•tate  of  digestion.    They  found,  that,  during  digestion, 
i|ie  consumption  of  oxygen  was  increased  to  1800  or  1900 
cubic  inches  in  an  hour.     Exercise,  too,  increased  the 
proportion  consumed.     It  is  stated,  that  Seguin,  in  con- 
tinuing the  exercise  of  raising  a  weight  of  15  lbs.  to  a 
'^Sht  of  CIS  feet  during  a  quarter  of  an  hour,  consumed 
^OO  cubic  inches,  which  is  at  the  rate  of  3200  in  an  hour. 


*  Experiments  on  Animal  Heat,  p.  307. 

f  Mcmoircs  de  I'Acad.  des  Sciences,  1789,  p.  575. 
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And  the  same  esercisc  made  during  digestion  ocnslmieJ 
'  ft  consumption  equal  to  *600.     In  these  experiments  t!ie 
ftisult  rather  singular  appeared  to  be  established,  that  the 
greater  or  less  proportion  of  oxygen  in  tlie  air  breathed  h« 
^  little  influence  on  the  qnantity  consumed.     They  fffuod, 
that  whether  an  animal  breathed  pure  oxygen  gas,  or  a 
^inilCure  of  it  with  nitrogen  gas  in  various  proportionj,  the 
k  quantity  consumed  was  the  same  *.     Lavoisier  had  eren 
I'ftbsCTved,  in  some  of  his  earlier  experiments,  that  Icssoxy 
'  gdi  is  consumed  when  it  is  breathed  pure  ;  and  this  ilto 
kappcared  to  be  established  by  Mr  Davy's  experiments,  tbc 
[  consumption  being  only  28  cubic  inches  in  a  mimite, 
when.  In  atmospheric  air,  it  amounted  to  31 :  and  this  vu 
accompanied  with  a  diminution  in  the  formation  of  car- 
Donic  acid ;  the  quantity  formed,  when  oxygen  was  breith- 
ed,  amounting  only  to  1 1  cubic  inches,  while,  from  bm^ 
ing  in  atmospheric  air,   it  amounicJ   to  26  |.     Mcisn 
Allnn  and  Pepys  have  found,  however,  that  in  breathing 
pure  oxygen  gas  more  of  it  is  consumed  in  a  given  liree, 
and  more  carbonic  aeid  formed,  than  in  breathing  atmo- 
spheric air  ;  lliey  farther  found,  in  this  case,  a  diminolioit 
in  the  gas  respired,  whence  tliey  infer  as  probable,  r^l[ 
when  oxygen  is  breathed  pure,  a  portion  of  it  is  ab$t>rWi 
and  detained  in  the  system.     They  found  reason  ti 
elude,  that  there  is  a  similar  absorptioii  of  oxygen 
the  same  portion  of  atmospheric  air  is  repeatedly  breilW- 
The  phenomena  of  respiration  are  nearly  the  sann;  iuJ- 
animals  :    they  all  require  oxygen,  and  i 
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toii  but  (He  quantities  af  these  axe  various  in  tke  diSer- 
cat  orders.  In  warm-blooded  animilst  the  changes  pro- 
ceed 10  the  greatest  extent,  and  llje  presence  of  oxygen  is 
iiKWt  iDdiapcnsablc  -,  and  among  thesS)  this  is  in  a  great 
raeisurc  in  proportion  to  the  »ize  of  their  lungs>  la  the 
aiijJahia,  the  supply  of  air  is  lesf  indigpcu^bict  as  they 
can  lusuin  the  deprivation  of  it  longer,  tltough  they  still 
rMjuire  it,  and  produce  in  it  the  usual  changes.  Fishes 
<Ur  in  water  deprived  of  air,  and,  according  to  Dr  Pricst- 
leyt  they  deteriorate  the  air  contiined  in  the  water  in  which 
they  liTe  ".  And  ihecuperimentsof  Vauquelinf,  as  well 
as  the  extensive  researches  of  Spallanzani  |,  have  detnon- 
Mraicd,  whai  had  before  been  more  or  Jess  accurately  ob- 
•erved,  that  insects  and  worms  consume  oxygen,  and  farm 
caibonic  acid,  though  life  in  these  animils  is  so  languid, 
and  r«nuiiia  so  long  under  (he  suspension  of  its  usual  func- 
ticmS)  that  they  can  suatain  the  deprivation  of  oxygen  for 
a  lon^t  time  tlian  animals  of  the  other  classes. 

Connected  with  respiration,  and  with  thechanget  which 
tbt  blood  EuiTers  in  ihut  process,  is  the  production  of  ani' 
tnal  heal  i  ibis  arising  from  changes  of  capacity  which  ac> 
company  the  convemion  of  arterial  into  venous,  and  of  re* 
noas  tuio  arterial  blood. 

Id  the  more  perfect  animata,  the  temperature  of  the 
^y  if  uniformly  superior  to  that  of  the  SHrroundtng  me. 
diun.     Thai,  in  man  it  is  about  96** }  and  it  remaint  at 
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^  ^^  this,  though  wc  may  be  exposed  to  a  tempei 
^^^Kw  100  degrees  lower.   It  is  evident,  therefore,  that  that 
^^^^jucists  in  the  system  some  process  causing  a  constant  er> 
^^^^^oiion  of  caloric,  by  which  this  equable  and  companiivdf 
^^^B^gh  temperature  is  preserved.     The  action  of  the  ur  ia 
^^^^■'jTCSpiration  is  demonstrated  to  be  the  source  of  this  erolo- 
^^^V  ^on  }  and  the  view  which  has  been  given  of  this  nibject 
B^r  i*  undoubledly  the  most  perfect  application  cf  chemitny 
to  physiology,  and  aFords  even  the  most  perfect  elucid^ 
tion  which  wc  yethave  of  any  functionof  the  living  systcia 
^^^F        Mayow  ascribed  the  production  of  animal  heat  to  ilf 
^^^Hjtction  of  the  air  in  the  luags  ;  but  his  opinion,  support- 
^^S^  vi  by  no  decisive  evidence,  was   little  ri^garded.     Dt 
Blact.  from  observing  the  analogy  between  combuidos 
and  respiration,  paiticularly,  that  in  both  processes  tie 
~  air  undergoes  a  similar  change  -,  and  also,  observiiig  dti 

in  difTtTcnt  animals  the  superiority  of  the  temperaiurt  o: 
their  boiIicB  over  that  of  the  surrounding  medium,  iigrcj:- 
cr  the  larger  their  lungs  ate,  and  the  more  air  they  caa- 
»ume  ;  that  in  birds,  it  is  much  higher  than  in  tjuadni- 
pcds,  and  in  quadrupeds  than  in  aquatic  animals; — fira 
these  observations  drew  the  conclusion,  that  r<?spirjiion  J 
the  source  of  anima!  heat.  It  is  to  Dr  Crawford,  boff- 
ever,  that  wc  are  indebted  for  the  full  elucidation  of  ib 
subject,  or  rather  for  the  theory  by  which  these  pheno- 
mena are  explained,  and  which  he  demonstrated  by  T(r< 
extensive  and  laborious  investigations. 

From  the  changes  which  take  place  during  rcspinti-.i 
in  the  air  in  the  lungs,  Ur  Crawford  proves,  thai  i  hrv 
quantity  of  caloric  must  be  rendered  sensible.  Oix^tr  > 
iiriisumed,  and  cjibouic  acid  formed.  But  we  know,  t'  ' 


OF  THE  BLOOD.  553 

-in  the  formation  of  carbonic  acid  fiom  the  combination 
of  oxygen  with  carbon,'  a  large  qunnticy  of  caloric  must 
be  extricated,  since  the  jrapacity  of  the  carbonic  acid  is 
much  inferior  to  the  mean  of  the  capacities  of  tlie  carbon 
and  of  the  oxygen  gas. 

But  Dr  Crawford  at  the  same  time  ascertained  by  ex- 
periment, that  the  capacity  of  the  blood  changes  when  it 
is  convened  from  arterial  to  venous,  and  of  course  from 
venous  to  arterial  :  the  tlifTerence  between  them  he  found 
to  be  as  !.030  to  0.892 ;  that  is  to  say,  supposing  the  ca- 
pacity of  water  for  caloric  to  be  1000,  the  capacity  of  ar- 
terial blood  will  be  rather  larger,  or  1.030,  while  that  of 
venous  blood  will  be  considerably  less,  or  only  S92. 

On  tliese  facts,  Dr  Crawford  founds  his  doctrine  of 
animal  heat.  In  respiration,  a  tjuantity  of  oiygen  is  com- 
Inned  with  carbon,  so  as  to  form  carbonic  acid.  A  quan- 
tity of  caloric  must  be  extricated  in  consequence  of  this 
combination.  Uul  the  blood  ia  at  the  very  same  time 
changed  from  venous  lo  arterial,  and  by  this  change  ac- 
quires an  increased  capacity  for  caloric.  It  therefore 
takes  up  the  caloric  which  has  been  extricated  by  the 
combination,  so  that  any  rise  of  temperature  in  the  lungs 
whkh  would  be  incompatible  with  life  is  prevented.  The 
artcrbl  blood  is  carried,  in  the  course  of  the  circulation, 
to  the  extreme  vessels,  when  it  passes  to  the  venous  state. 
In  this  conversion,  its  capacity  for  caloric  i*  dimiRished 
as  much  as  it  had  been  before  increased  in  the  lungs :  the 
calotiCi  therefore,  which  it  had  uken  up  is  again  gifen 
out)  and  this  slow  and  constant  evolution  of  caloric  in 
the  exUeme  vessels  over  the  whole  body  is  the  source  of 
its  uniform  temperature. 


J 


SS4  OF  THE  BLOOD. 

Ic  is  this  riew  of  the  changes  of  capacttj  wladi 
blood  satfers,  which  forms  the  peculiar  feature  and  the  «- 
celknce  of  Crawford's  theory.  It  might  eAsi\f  hare  been 
•aid,  that  respiration  is  the  source  of  aniina)  heat  ;  andtbr 
observation  of  a  few  analogies,  such  as  those  stated  bf  Dt 
BbclE,  might  have  givan  probability' to  the  asAertuin  But 
it  moAt  always  havebeen  difficult  to  conceive  bow  this  heal) 
if  darived  from  this  source,  was  not  excessive  in  the  luo^ 
or  how  ic  was  equally  distributed  over  the  body.  Unii) 
-fully  e^cplained  from  the  changes  of  capacity  which  de 
_,  blood  sufTers  in  its  conversion  from  the  renous  to  the  » 
I  lerial,  or  from  the  arterial  to  the  venous  state, — changa 
too,  it  is  to  be  reat^irked,  not  hypothetically  assumed  » 
explain  the  [Aenomena,  but  established  by  experimrffi. 
Tet  it  is  singular  how  much  this  has  been  misunderstwd^ 
Mid  how  often  the  objection  in  the  foliowing  (>UM|(| 
wliicKI  (juote  from  a  moilern  systemaric  wrirer,  has  bees 
urged  by  physiologists  :  "  Si  l;i  chaleur  vita!  tirait  ii 
source  unique  des  poumons,  elle  devrait  etre  dans  cei  or- 
ganes  incomparablcment  plus  forte  qu'elle  ne  Test  pir 
tout  aillcurs^  et  I'activiie  de  cet  embrasement,  necrs- 
saire  pour  echauffer  tout  le  corps,  irait  a  detruire  la  sui> 
Stance  des  parties  qui  on  seraient  le  foyer  •,"  The  sjmt 
objection  has  even  been  urged  by  Lagrange  and  Hjsseii- 
fratz  t,  who  ouglit  to  have  known  better  the  doctrine  ei 
specific  heat. 

This  adminble  theory  has  been  confirmed  by  other  >'i- 
perimentB,  and  independent  of  the  direct  facts  upon  wh'i'. 

•  Dumas.  PrinripL-,  d.-  ptiy.icbgre,  t«m.  iii    p-  SS.l. 


i 


I  OF  THE  BLOOD.  555 

it  has'been  founded.  Dr  Crawford  himaelf,  and  aftnwzr^ 
lATOisier  and  X^  Place,  found,  that,  when  an  animal  is 
confined  in  a  Teasel  contnTed  so  as  to  measpre  the  quan- 
tity of  caloric  which  it  girea  to  the  surrounding  medium 
hi  3  certain  time,  and  the  quantity  of  oiygcn  consumed 
by  the  animal  in  that  time,  this  (juaniity  of  caloric  corres- 
pondt  nearly  to  the  quantity  evolved  from  the  combiutioa 
4>f  carhonaccons  matter,  such  as  wax  or  oil,  in  the  same 
qttantitjr  of  oxygen.  It  has  been  found,  too,  that  what- 
r  increases  the  beat  of  the  body,  such  as  violent  eser- 
ciw,  or,  in  general,  whatever  augments  the  circulation,  in- 
creases the  coDstimplion  of  oiygen  in  the  lunge. 

may  add,  that  this  explanation  of  the  production  of 
animal  temper;iture  is  independent  of  any  particular  theory 
of  rejpltatlon.  Whatever  may  be  the  nature  of  the  dif- 
fcfcnce  between  venous  and  arterial  blood,  whether  the 
latter  contain  osygen  or  not,  or  whether  the  former  hold 

tolniion  hydro-carbon,  carbonic  acid,  or  any  other  piiiv-  1 

ciple,  it  is  proved  by  experiment,  that  the  blood  in  theia 
two  states  has  dlfTerent  capacities  for  caloric  }  and  on  this 
(act  the  explanation  of  the  origin  of  animal  temperatun 
dependi.  Ic  is  equally  important,  whether  the  combioa- 
tirni  of  oxygen  with  carbon  be  nippoied  to  take  place  in 
the  lungs  or  in  the^  course  of  the  circulation ;  since  from 
this  combination  the  carbonic  acid  expired  is  derived ;  and  " 
therefore,  wherever  it  takes  place,  it  must  be  attended  wiih 
aa  evolution  of  caloric.  The  explanation  according  to 
both  opinions  is  ultimately  the  same,  arul  the  merit  of  the 
theory  remains  with  Crawford. 

Wbea  an  animal  is  placed  in  a  medium]  the  tempera- 
ture of  which  is  considerably  higbf  it  still  prnervet  its 
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lenipeTature  fgr,a  time  at  least  nearly  unironn  j  the  ■» 

bmal  heat  not  ribing  much  above  the  natural  5tznda(4,  > 

US  been  demonstrated  by  the  experiments  of  Tiilet  *vi 

i  Fordyce  and  fiUgden  f.     ta  tbU  case,  it  hu  beea  a- 

C^JKcained  bj  the  experiments  of  Crawford,  Am  the  aad 

I'change  of  arterial  into  venous  blood  does  not  go  OSi  tic 

L  Mood  in  the  veins  bein^  nearly  as  florid  as  In  the  anciitt 

■It  is  evident,  therefore,  that  no  evolution  of  caloric  *iii 

a  taLe  pljce  j   and  it  is  even  possible,  that  the  lempcntoi; 

|l«lf  the  body  may  be  kept  law  by  the  blood   acquiring  m 

1  increased  capacity  for  caloric,  though  other  circuiUSianoBi 

I  particularly  the  imperfect  conducting  power  of  ibe  aninul 

Lsolids,  and  the  increased  perspiration,  have  a  share  btit 

Dr  de  la  Roche  has  In  pariicuUr  shewn,  thatl&c 

U»&  of  weight  from  the  profuse  perspiration  is  very  oo» 

nderable^  even  in  not  many  minutes  X  >  and  the  tran^tiM 

of  io  much  fluid  from  the  body  to   ihe  stite    of  vjpovr 

must  h.ive  a  grcjt  (.■ilcct  in  couiuerjctiiig  the  high  leirpe- 


TltANsriBATios  is  a  function  analogous  to  respiration, 
and  ultimately  producing,  perhaps,  the  same  changes  in 
the  blood.  Carbonic  acid  g.is  is  exhaled  from  the  si:a  a 
from  the  lungs,  and  osygen  consumed.  There  is  also  jn 
eshalaiion  of  aquijous  vapour,  which,  when  augmenieJb' 
heat  or  exercise,  is  condensed  on  the  surface,  and  fonrj 
the  sweat.     Count  de  Milly  observed,  thai  when  the  ta''' 


■'  Mtriioires  de  I'AcaJ.  d.s 
\  I'llilosoplneal  Tranr,acl:iii,i 

i  Ni.!iolj-i,'    ,1..iin.:;l,  >■.!    ^ 
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ts  kept  in  warm  water,  a  quantity  of  air  is  disengaged 
Irom  the  surface,  which  is  carbonic  acid.  The  same  fact 
*^ira8  established  By  the  experiments  of  Cruickshank  '^.  And 
Abernethy  and  J  urine  further  proved,  that  there  is  a  con- 
•Stimption  of  oxygen.  The  former  chemist  exposed  his 
iiand  to  seven  ounce  measures  of  atmospheric  air,  confined 
mercury  for  five  hours ;  at  the  end  of  that  time  the 

ir  had  diminished  in  volume  half  an  ounce  measure,  and 

* 

:   Vj  agitation  with  lime-water,  one  ounce  more  was  absorb- 
^j  ^f  the  lime-water  being  rendered  milky ;  the  residual  air 
^  contained  one- sixth  less  oxygen  than  before  the  experi- 
b- Vient.     When  the  hand  was  exposed  to  the  air  for  nine 
'1  lioars,  the  quantity  of  carbonic  acid  gas  produced,  a- 
~  mounted  to  rather  more  than  an  ounce  measure,  and  the 
Ycsidual  air  contained  one-fourth  less  oxygen  than  before  f . 
Jurine  found,  that  on  fixing  bottles  containing  atmosphe- 
-    TIC  ahr,  to  the  surface  of  the  skin,  the  air  was  vitiated,  di- 
minished in  volume,  and  contained  carbonic  acid  %.  These 
changes  in  the  air  are  also  accompanied,  as  in  respiration, 
with  the  exhalation  of  watery  vapour.     Mr  Cruickshank, 
by  inclosing  his  hand  in  a  glass  vessel,  the  orifice  of  which 
was  secured  by  being  tied  over  at  the  wrist  with  bladder, 
observed  that  the  glass  soon  became  dim,  and  drops  of 
water  were  condensed  on  its  surface.     In  this  way  about 
-SO  grains  of  water  were  collected  in  an  hour,  though  on 
repeating  the  experiment  the  quantity  was  sometimes 
nnch  less,  and  at  other  times,  especiiilly  after  exercise. 


*  Cruickshank  on  Insensible  Perspiration. 

-f  Physiological  Essays,  p.  118. 

X  Mcn)oires  de  la  Soci^te  de  Medecine,  tooi.  x. 
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■was  greater*.  It  is  known  also  to  be  much  augmeoUil 
by  heat.  From  tliesc  facts  it  h  apparent,  that  the  ikin 
performs  functions,  with  regard  to  the  atmosphere,  ih« 
same  as  those  performed  by  the  lungs ;  and  they  are  pro- 
bably connected  with  similar  changes  hi  the  blood  :  though 
it  appears,  ^at  the  effects  produced  by  the  air  on  the 
blood,  through  the  medium  of  the  skin,  are  less  con- 
siderable, owing  no  doubt  to  the  density  of  that  membrane, 
Lavoisier  and  Seguin,  in  their  researches,  endeavoured 
to  determine  what  proportion  the  changes  by  transpin- 
tion  bear  to  those  by  respiration  -I-.  They  employed  > 
covering  of  silk  rendered  air-tight  by  being  coated  with 
n  vaniish  of  caoutchouc,  and  adapted  to  the  body,  so  that 
the  products  by  the  skin  could  be  separated  from  thoie 
by  the  iungs.  By  taking  the  weight,  before  entering  the 
apparatus  and  after  leaving  it,  the  whole  loss  of  weight 
ill  a  given  period  could  be  ascertained  ;  and  by  weighing; 
a  few  nionicnis  after  being  inclosed  in  the  apparatus,  and 
a  few  momeius  bcrove  withdrawing  from  it,  the  loss  of 
weight  from  respiration  nliine  was  dftuimined,  and  lhu% 
the  proportion  by  each  process  could  be  established.  The 
following  are  the  results  :  The  loss  of  weight  sustained 
by  an  imlividujl,  not  under  any  unusual  bodily  labour, 
varies  from  1 1  grains  in  a  minute  to  32,  or  in  twenty-four 
hours  from  1  lb.  1 1  ounces  i  drachms,  to  5  lbs  i  this  in- 
cluding the  elTeets  from  tr.mspiration  and  respiration. 
The  mean  loss  is  1 8  grains  each  minute,  1  ounce  7  drachms 

*    Experinitiits  on  InaeiisibL'  I'ti  spiral  ion,  p.  69,  Sic. 
j    Mtmoirts  ic  I'AcaJ.  dcs  Scitnccs,  JTIIO,  p.  GCll. 
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an  hour,  or  2  lbs.  13  ounces  in  twenty*four  houri :  and 
in  separating  the  effects  of  each  of  these  functionsi  of 
^diese  2  lbs.  IS  ounces,  there  belong  to  cutaneous  tranapirar 
tion    1    lb.    14  ounces,  and  to  respiration   15  ounoes. 
These  results  can,  however,  be  regarded  <m\f  as  appioxi- 
inations :  the  uncertainty  of  those  which  relate  to  respira- 
tion have  been  already  noticed  ;  and  with  regard  to  the 
'general  effects  from  transpiration,  it  appears  from  die  ac- 
cmint  given  by  Seguin,  that  the  watery  product  onlyliad 
been  attended  to,  and  that  there  had  been  no  estimate  of 
4be  oxygen  consumed,  or  carbonic  acid  exhaled  by  the  skin. 
The  skin  appears  to  secrete  a  small  portion  of  acid,  as 
St'aometimes  is  capable  of  communrcattng  to  the  more  de« 
-licate  vegetable  colours  a  red  tinge,  and  distilled  water 
mbbed  on  it  is  rendered  turbid   by  nitrate  of  silver: 
when  this  secretion  of  fluid  is  more  copious,  it  is  sensibly 
-add.    Thenard  has  found,  that  the  free  acid  contained  in 
sweat  is  acetic,  and  with  this  are  present,  muriate  of  soda, 
and  minute  traces  of  phosphate  of  lime,  and  oxide  of  iron  ^* 


SECT.  11. 


OF  THE  CUYLl.. 


Thr  ifbod  digested  in  the  stomach,  passes  into  the  in« 
testinal  canal ;  and  in  its  progress,  there  is  separated  from 


*  Nicbolson't  Journal,  vol.  xix.  p.  60* 


it  by  the  absorbents  which  terminate  on  tlie  internal  s 
face  of  the  canal,  a  white  liquor,  which  is  conveyed  b 
these  to  the  thoracic  duct,  and  ultiitiately  into  the  blood< 
This  is  the  Chyle, — a  fluid,  the  composition  of  which  it 
important,  as  it  is  from  ii  the  blood  is  forined,  and  by  its 
medium  nutrition  conveyed,  but  which,  from  th?  difiiculty 
of  procuring  it,  has  not  been  cx^imined  with  that  attenuoD 
its  importance  demands.  |^ 

Its  colour  is  white,  iia  taste  !$  sweet,  and,  as  has  betK^| 
said,  somewhat  saline.  On  standing  it  is  affirmed,  that  . 
a  cream  forms  on  its  surface,  and  also  that  it  coagulates. 
Halle  found,  that  after  it  had  been  exposed  to  the  air  for 
a  short  lime,  it  assumed  a  gelatinous  form,  and  presented 
a  kind  of  firm  coagulum,  adhering  to  the  sides  of  the  ves- 
sel. Under  this  was  a  portion  of  liquid,  thin,  and  of  the 
colour  of  milk.  The  coagulated  mass  is  semi-transparent, 
and  has  a  light  red  tinge  •.  According  to  Fordyce,  be- 
sides this  matter  which  coagulates  spontaneously,  the  chylr 
coiitJins  a  fluid  lh;it  coagulates  by  heat  |. 

Very  discordant  results  have  been  obtained  from  expc- 
liments  made  on  the  effect  of  substances  introduced  into 
the  stomach,  on  the  composition  and  properties  of  the 
chyle.  Colouring  matter  mixed  with  the  food,  appears 
sometimes  to  communicate  to  it  a  tinge,  sometimes  not. 
According  to  Lister,  it  rccuivcs  a  blue  colour  from  ijidigo 
received  into  ihe  siom.ich  ;  an  objiTvation  confirmed  by 
Halltr,  who  did  not  find,  howewr,  any  ciTect  from  other 
substances,  wliii:h  b^d  Unowijc'  b.-e:i  said  to  give  ir  colour. 
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Jftr  Fondyce  dao  obserr^di  tbat  indigo  tli«)iwii.into  &e  in- 
tOB^es  fenders  die  cbyle  blue,  and  that  miiAk  conauB^um- 
caites  to  H  a  strong  odour.  This  uitermixture  of  subataop 
0ei»  hovnvtr,  coareyed  by  the  stomach,  does  not  always 
happen.  It  has  been  foiindi  that  when  iron  bjnixed  with 
ihe  £ood,*  no  traces  of  it  are  to  be  .discavered,  by  the  test 
of  infusion  of  galls,  in  the  chyle  * ;  ami  thb  has  ;been 
atatied  as  an  argument  to  prove,  that  iron  is  not  derived 
{JBon  without,  but  is  formed  in  the  animal  system. 


SECT.  III.  - 

OV  MILK.  SUGAR  OF  MItK.      SACCHO-LACTIC  ACID. 

Milk  is  the  fluid  designed  for  the  nourishment  of 
young  animals,  and  secreted  by  a  particular  glandular  ap- 
paratus in  the  mammae  of  the  female.  It  di£fers  in  its 
sensible  qualities  in  di£ferent  animals,  but  its  chemical 
properties  appear  to  be  nearly  the  same.  These  have  been 
often  the  subject  of  investigation ;  which  has  been  so  far 
successful,  that  the  proximate  principles  of  this  fluid  are 
now  known.  Besides  the  knowledge  of  it,  which  we  have 
received  from  the  older  chemists,  an  elaborate  examina- 
tion of  it  was  some  years  ago  undertaken  by  Parmentier 
and  Deyeux  f,  and  more  lately  some  facts  have  been  ad- 
ded by  Lagrange  j:. 


*  Treatise  on  Digestion,  p.  122. 

f  Exp6riences  sur  le  Lait. 

X  Nicholson's  Journal,  vol.  x.  p.  14 1  < 

Vol.  IV.  ^  N  n 


Milic  is  white  and  opaque,  its  taste  is  bland  and  svik, 
its  smetl  faint ;  its  consistence  is  somewhat  (hick,  and  in 
specific  gravity  a  litlle  greater  than  that  of  water.  Thest 
quahlies  vary,  however,  not  only  in  different  animali,  bst 
likewise  according  to  the  diet  and  state  of  the  digettifl 
organs,  and  even  according  to  the  period,  after  food  iat 
been  taken,  at  which  the  miik  has  been  formed. 

When  milk  newly  drawn  is  allowed  to  remain  at  reft 
it  suffers  a  slight  Eponi;ineous  decomposition,  a  thi^ 
white  very  bland  fluid  collects  on  the  surface,  and  Utt 
\]<[uid  beneath  is  more  watery.  This  change  has  been  »► 
cribed  by  some  chemists  to  the  action  of  the  air ;  bot 
others,  particularly  Young,  have  asserted,  that  it  laktl 
place  ctjually  when  the  air  is  excluded, — an  obsemiioo 
since  confirmed  by  Thenard.  This  seems  indeed  more 
probBble,  since,  from  the  wtutencss-sod  opacity  of  niQ^ 
it  is  obvious  that  nti  iiily  fluid  is  difFuscd  ilirough  a  warjr^ 
o:ie,  and  white  globules  arc  even  discovered  in  it  hj  ihe 
micrnscopc.  It  is  these,  probably,  that  separate  spoiili- 
iicous'y  when  tlii.'  miik  is  at  rest,  and  form  the  creim. 

The  Cream  ij  a  subiitancc  of  an  oily  nature,  and  wkn 
agitated  for  some  time,  separates  into  a  fluid  and  a  soliJ 
part,  the  latter  having  all  the  properties  of  a  concrete  oi'. 
This  oily  substance,  then,  or  ISutter,  is  the  first  proximi!'' 
principle  which  a  simple  ;inalysis  discovers  in  the  mil«-  I' 
is  bbtid  and  sweet,  but  becomes  riincid  on  exposure  U  thf 
air.  By  distillation,  it  is  converted  principilly  into  a  flui'l 
oil,  and,  when  deciimposed  by  lieut,  atlbrds  the  samepf' 
ducts  as  animal  fat.      The  cre.nii,  therefore,  is  pictily  * 

which  ^<nm  the  oihtr  parts  of  the  niilL. 
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:n  die  milk  is  allowed  to  stand  after  the  spontane- 
laration  of  the  cream,  it  begins  lo  suffer  another 
which  is  more  rapid  in  a  high  than  low  tempera- 
It  first  becomes  acescent,  and  then  coagulatet- 
this  coagulum  is  pressed  gciiil]',  a  serous  fluid  ts 
«fbiced  out,  and  a  solid  dry  matter,  somewhat  elastic,  and 
insoluble  in  water  remains.  This  is  the  caseous  pan  of 
milk,  or  tlic  pure  Cheese. 

ITiis  change  appears  to  be  owing  to  the  formation  of  a 
small  quantity  of  acid  in  the  milk  on  standing,  which  re- 
acting upon  it,  separates  the  caseous  matter.  We  accord- 
ingly (irid,  that  acids  added  to  milk,  e*en  though  very 
weak,  immediately  coagulate  it :  many  other  substances 
liave  the  same  effect,  as  several  neutral  salts,  especially 
those  containing  an  ciecss  of  acid,  aJkohol,  suj^ar,  gum, 
Ubc  gastric  juice  o(  animahi,  ^nd  the  juices  of  several  ve- 
^tgetables.  This  caseous  matter  is  also  separated  by  heat. 
^'If  nilk  be  moderately  heated  in  contact  with  the  air,  a 
tlun  pellicle  forms  upon  its  surface :  if  this  is  removed,  or 
*  allowed  to  fall  to  the  bottom  of  the  vessel,  a  new  one  is 
^lormed,  and  this  continues  for  a  considerable  time.  Af> 
the  formation  of  them  has  ceased,  the  remaining  fluid 
A  thin  and  serous.  Parmeniier  and  Deyeux  hav«  ascer- 
that  these  pellicles  consist  of  a  matter  identical 
the  cheese.  The  separation  of  it  from  the  milk  is 
by  the  contact  of  the  air,  but  apparently  mere- 
ills  mechanical  action,  and  not  by  any  chemical  ef- 
I  latKi  its  separation,  ihcy  found,  was  e<)u.tlly  promoi* 
by  oxygen,  hydrogen,  oi  carbonic  acid  gas. 

coagulum  separated  by  these  different  substances 
the  same  in  its  properties.  The  licjuor,  however, 
NnS 


J 
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jovnd  in  rhe  stoniRch  of  yuung  Bdimals,  or  what  li 

«d  Rennet,  is  preleiMt  iit  order  <o  obtain  its  full 

tioD.     The  curd  that  it  formnl  bjr  adding  h  tQ  in 

■  aferatcty  heitcd,  is  merely  thc^  cistous  niaiKr  rctainiig  a 

Wtlion  of  the  temm  or  wtrey,  which  can  be  «ia)y  ttj^ 

[tetett  by  pressure.     The  coignhting  power  of  the  mag 

Ltwas  ascni>ed  to  a  portion  of  acid  which  ii  contuoed 

I  Young,   and   more   biely  Pairaentinr  and   O&fi 

tiAeivro,  that  it  ulhefvoperty  of  the  juice  itself,  si 

l-Kdienan  albaliisadiled  toit,  so;ietabe  io««oe«£,it' 

I  (Ak  coagttl.itlng  power.   The  membnae  «f  which  lhes»- 

ItfBtach  is  compoieil  likewise  pocsesset  this  pruporty,  ai 

•oommontcatet  it  to  water  maccnited  vpoD  it.     'fiie  am 

of  the  coagulation  is  not  vrcli  understood. 

The  Caseous  owtterof  milk  is  a  white  or  greyiilivit 
stance,  somewhat  elastic:  vhen  fmh,  it  is  arailjF  ianpl^, 
but  becomes  acrid  on  kecpir7g.  It  is  insoluble  in  cdd  *> 
ter,  but  by  boiling  its  texlure  is  destroyed.  llesposeJia 
a  moist  stale  to  the  iir,  it  soon  putrt^fies.  If  the  moijniii 
has  been  pressed  out  of  it,  and  especially  if  it  has  bt» 
dried  by  a  gentle  heat,  it  remains  long  unchs^ed. 

The  pure  fiKcd  alkalis,  dissolved  in  water,  and  issuvi 
fay  a  moderate  heat,  net  upon  ilic  caseous  maiter  rejAIr 
It  is  dissolved,  inid  at  the  samo  time  ammonia  it  extuMi 
probably  formed  by  the  combination  of  its  eleinems.  il 
an  arid  is  added  to  ihesolntion,  a  precipitate  of  jdutf^ 
colour  15  thrown  down,  and  a  smelt  of  sulphuretifii  i^y 
drogen  is  perceived.  Sliver  is  also  blackened  bi  ih(  *■ 
3  short  time.      Ammonia  is  likewise  cipib''  ' 


qucr  L 


dissolving  the  caseous  matter. 


t 
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The  mioeral  3cids>  when  dUut«d  with  wtter»  effect  « 
iolutiAe  of  it»  but  not  completely.  The  v>egeiahle  aK;ul$» 
particularly  vinegiir»^  dmolve  it  irtHUtely,  »nd  with  move 
fiKtUry.  Nitric  »cid  disengigeft  from  il  nitrogei^  gsis. 
'  The  caseoii9  matter  decompoted  by  heat  affords  an  em* 
pjpieiuiuitic  oih  ammorua^  and  a  apeciea  of  cafburetted  hy- 
dlNigeii.  A  residuum  of  cbarcotl  is  obtained^  which,  when 
hmati%  affords  a  tmaU  quantity  o£  dted  alkaH,  ^nd  al«p»  as 
Sdieele  aacertataed,  and  Lagrange  baa  confire^edf  a  por-i 
tioQ  of  phosphate  of  lime. 

-  The  caseous  matter  must  be  admitted  as  a  principle 
4UknMig  in  some  respects  from  any  other  animal  matter. 
A  seems  most  analogous  to  albumen»  as  it  is  soluble  in  a 
Ihnd  resembling  the  serum  of  the  blood,  and  as  it  is  coa* 
gldated  by  heat.  In  several  other  of  its  properties,  it  is 
MWlnflniii  to  fibrin,  and  is  probably  btermediate  between 
jAss^*  It  b  the  most  animaliaed  product  of  the  milk,  and 
il  vndoubtedly  that  which  is  most  nutritious.  The  dis- 
liKtion  must  be  noticed  between  this  pure  cheesy  mat* 
Mr  and  that  formed  from  the  milk  before  the  cream  is  se- 
gprattd*  This  latter  kind  of  cheese  is  the  caseoos  matter 
|pis«d  with  the  butter ;  and  in  the  different  kinds  of  cheese 
Ait  are  prepared  for  use,  the  qualities  depend  principally 
W  the  proportion  of  these  to  each  other. 
t  When  these  two  principles,  the  butter  and  the  cheese^ 
been  separated  from  the  milk,  there  remains  a  liquor 
the  Serum  or  Whey.  The  composition  of  this  is^ 
ly  to  be  noticed^ 
The  whey  has  a  yellowish  colour  and  very  slight  tena- 
■iy :  its  taste  is  bland  and  agreeable.  It  still  contains  a 
of  caseous  matter,  which  is  separated  by  allowing 
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it  to  stand  ui  a  warm  place  for  some  boors  :  it 
comes  acescent,  the  cheese  separates  in 
filtration,  the  vhe^  becomes  transparent. 

When  this  pure  whey  is  subjected  to  evaporatitHi,  it  if- 
fords  a  substance  of  a  granulated  saline  appearancet  ^^  ' 
sweet  taste  and  a  yellowish  colour,  which,  by  solution  and 
filtration,  yields,  on  evaporation,  a  salt  of  a  white  colour, 
■  'Id  rhomboidal  crystals.  This  substance,  which  is  the  priD> 
l-^tpal  solid  matter  in  the  whey,  is  named  the  Salt  or  Si^ 
gar  of  Milk.  In  some  countries,  particularly  in  Syntitn- 
land,  it  is  prepared  in  considerable  quantity.  j 

This  substance  is  soluble  in  seven  parts  of  cold  ai  i 
'r.fo\iT  of  boiling  water.     It  is  decomposed  by  heat,  andifr 
ft  &rds  products  nearly  the  same  as  those  yielded  by  rrgh^ 
table  saccharine  matter. 

When  the  sugar  of  milk  is  treated  with  nitric  acid,* 
sisted  by  u  modciaic  heat,  nitrous  gas  is  discharged,  the 
solution  becomes  yellow,  ajid,  as  it  advances,  a  copioiu 
deposition  of  a  white  matter  takes  place.  The  fluid,  whn 
poured  off,  affords  by  cvapor.iilon  crystals  of  osilic  aci- 

The  white  matter  obtained  in  this  operation  is  po; 
ed  of  ihe  properties  of  an  acid.  Scheclc,  who  discovewl 
It,  supposed  it  to  be  one  of  a  peculiar  kind,  an^ave  I;  lit 
name  of  Acid  of  Sugar  of  Milk.  In  the  cstabiished  n> 
menclature,  it  is  named  Saccho-lactic  Acid. 

Scheele  concluded,  that  this  substance  is  not  foimtJin 
the  above  proci.ss,  but  that  the  sugar  of  milk  is  i  im^ 
pound  ot  it  and  saccharine  matter,  and  that  it  is  mrttif 
o-nricrcd  sensible  by  the  saccharine  matter  being  DiidiJf^ 
.  fire  iiiinc  ncid.  Parmi-'ntier  and  Dcyeui  acceJt  * 
I,     opinion.     They  observe,  that  in  the  process  in »!"« 


,  &c. 
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H  U  obuincdt.Tcry  little  ol  (he  nitrous  acid  19  decompos- 
ed, and  that,  if  (he  quantity  actually  decomposeil  be  com- 
pared wi(K  the  qu;iniity  of  oxalic  acid  formed,  the  pro 
portions  will  be  found  nearly  the  same  as  when  the  oxalic 
acid  is  procured  by  the  direct  oxygenation  of  pure  sugar. 
And  ihey  add  the  Kymhoticat  proof,  that  vhcn  two  pixts 
of  the  sacc ho- lactic  acid  are  mixed  with  one  of  sugar,  a 
compound  very  similar  to  the  sugar  of  milk  is  formed. 
The  opinion,  however,  as  is  justly  observed  by  Kourcroy, 
ftppeart  to  accord  very  ill  with  what  we  know  of  the  pro- 
perties of  these  two  substances. 

Saccho-lactic  acid  is  obtained  by  the  process  already  de- 
Ktibed,  in  the  form  of  a  white  powder,  a  little  granulat- 
ed :  its  taste  is  slightly  sout :  it  is  sparingly  soluble  in  wa- 
ter, GO  parts  even  of  boiling  water  being  requisile,  accord- 
ng  to  Scheeh',  to  dissolve  it:  ibis  solution  has  an  acid 
•j  tutr,  and  reddens  the  vegetable  colours :  it  dqiosites,  on 
COoUng,  small  crystals.  At  the  temperature  of  212^,  it 
decomposes  the  alkaline  catbonates,  disengaging  the  car- 
bouic  acid.  Exposed  to  heat  in  close  vessels,  itisdecum- 
potcd,  the  proiiucts  being  an  acid  liquor,  which,  on  stand- 
ing, depoBites  needle-like  cryUah,  an  empjrreuniatic dark- 
coloured  oil,  carbonic  acid  and  CHtbunetted  hydrogirn  gai- 
CB,  and  a  brge  reniduum  of  charcoal. 

This  acid  combines  with  ihc  differeni  salifiable  bases, 
lonning  talis  named  .Saccholaies ;  but  we  have  no  know- 
ledge of  these  combinations,  except  fiom  a  few  observations 
by  Scheele.  It  forms  with  potassa  a  s  It  soluble  in  eight 
U  of  warm  w-aiet,  which  crystjilizcs  on  cooling  i  and 
Sotla  a  salt  equally  crystallizable,  and  rather  more 
requiring  only  five  parts  for  its  solutioa.     Both 
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these  salts  are  more  soluble,  from  an  excess  either  of  te  j 
acid  or  of  the  base>  Saccholate  of  ammonia  b  very  e 
ly  decomposed  by  heat,  the  ammonia  being  expelled.  Tte  j 
compounds  with  lime,  batytes,  and  magnesia  are  nc4ri|  1 
insoluble;  hence  this  acid  decomposes  the  soluble  saltt  of  1 
these  earths.  It  acts  feebly  on  the  metals ;  and  witb  ihdt  I 
oxides,  so  far  as  has  been  examined,  forms  sales  of  spari^  I 
solubility.  It  thus  precipitates  the  ninates  of  silver,  quick* 
silver,  and  lead. 

This  acid  is  formed,  not  only  from  sugar  of  nulk,  bat 
likewise,  as  has  been  already  remarked  (p.  114.),  from 
gum,  by  the  action  of  nhric  acid  :  two  pans  of  the  acid 
bnng  slightly  healed  on  one  part  of  gum>  until  a  tmatl 
quantity  of  nitric  oxide  and  carbonic  acid  is  disengaged, 
on  cooling,  the  liquid  dcposites  the  sacclto-lactic  acid )  the 
quantity  according  to  Fourcroy  and  Vauquelin,  beingfran 
1*  to  26  parts  from"  100  of  gum. 

From  the  quantity  of  saccharine  matter  which  milk  con- 
tains, the  whey  is  susceptible  of  both  the  vinous  and  ace- 
tous fermentation  ;  and  by  the  Tartar  tribes,  a  vinous  li- 
quor is  actually  prepared  from  mares  milk.  The  process 
has  been  described  by  Dr  Guthrie  *.  The  liquor  how- 
ever is  extremely  weak,  eight  pints  of  it  aflbrding,  on  djj- 
tillation,  only  four  ounces  of  alkohol. 

It  passes  moro  readily  into  the  acetous  fermentation,  Oi 
becomes  acescent,  from  the  production  of  an  acid,  which 
it  now  appears  is  the  acetic.  Schccic  first  examined  thi- 
acid,  aiul  iilihougii  he  observed  an  analogy  to  the  acct;i.' 
acid  in  its  properties  and  combinritions,  be  found  al=i'  son-.-: 

'  Ediubiir^Ji  riii!o-i.;  !-,iLV.t  TvjMS.ictions  vol  v.. 
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SMetmcn  between  them.  He  was  finab^  to  obtain  it  pvit 
bj  diitiUatioft  *»  for  akhougfa  zn  acid  fiquor  cUsdHed  €f¥er% 
AU  could  not  be  carried  far,  a;  a  docomposkkn  and  a  de« 
position  of  carbonaceous  matter  took  place  £rom  the  heat 
applied.  He  supposed,  too,  that  this  acid  decomposed,  the 
acetates.  Hence  he  regarded  it  as  different  from  the  ace- 
dc ;  and  in  the  new  nomenclature  it  received  the  name  of 
Lactic  Acid.  From  the  recent  researches,  however,  of 
Lagrange,  and  of  Fourcroy  and  Vauquelin,  it  is  establish- 
ed that  this  acid  is  nothing  more  than  the  acetic,  disguised 
by  a  portion  of  extractive  matter  united  with  it,  and  by  the 
saline  substances  contained  in  the  whey  *.  Accordbg  to 
the  obeervatioa  both  pf  Thenard  f  and  Lagrange,  a  small 
poftioo  of  free  acetic  acid  is  always  contained  in  recent 
ttdUcf  and  ia  prbcured  from  it  by  distillation.^ 

B^dea  the  sugar  of  milk,  which  is  the  principal  ingre- 
dient dissolved  in  the  serum,  there  are  present  some  other 
eidnie  substances,  and  which  remain  dissolved  in  the  liquor 
aifter  its  crystallization.  These,  according  to  the  observa-* 
tiens  of  Scheele  and  Vauquelin,  are  principally  muriates 
of  Ume,  potassa,  and  soda,  with  phosphates  of  lime,  mag- 
nesia, and  iron. 

Bwehf  then,  is  the  composition  of  milk.  It  consists  of 
ati  oily  substance,  of  the  caseous  matter,  of  the  peculiar 
substance  named  sugar  qf  milk,  arid  of  a  small  portion  of 
neutral  salts,  and  a  little  free  acetic  acid  dissolved  in  wa- 
tet^  The  union  of  the  three  first,  two  of  which  approxi- 
mate to  the  nature  of  vegetable,  and  the  third  tathat-  of 
-, « 

*  Nicholson^s  Journal,  vol.  x.  p«  SGi. 
+  Ibid.  vol.  xix.  p.  72, 


T0E  Huid  contained  in  the  lymphatic  rrnifli.  THilpMI 
ing  into  them  either  from  t!ie  extremities  of  the  ntnol 
branches,  or  taken  up  by  abjorpiJon  from  the  surface  o/tbe 
internal  parts  of  the  body,  has  from  its  origin  been  regird* 

ed  as  uimlogous  to  the  scrum  of  the  blood.  Thii,  however, 
is  not  well  established  ;  it  is  even  probable,  that  thcugh 
derived  from  that  fluid,  it  may  have  undergone  some  il- 
teration,  and  its  properties  therefore  require  to  be  noticeii. 
'I'hey  are  however  but  imperfectly  known,  pTincip:ill]' 
from  the  difhculty  of  procuring  it  in  ;i  pure  state. 

Lymph  is  pellucid  and  insipid  ;  it  is  also  said  to  be  sbgh;- 
ly  viscid,  mifcible  with  cold  waicr,  and  coagulated  by  hi'U 
by  tlie  acids,  and  by  alkoho!.  If  these  properties  sinctly 
belong  to  it,  it  might  be  regarded  principally  as  a  soIuiim 
of  albumen  ;  but  there  is  some  uncertainty  whether  iheK 
observations  refer  to  pure  lymph  or  to  the  serum  of  ttt 
blood,  from  these  fluids  having  been  assumed  to  be  ulf- 
nulely  the  same. 
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lis  fliud  frequently  undergoes,  on  the  surfaces  oa 
vUch  it  is  effused,  a  degree  of  inspissaiion,  probably 
from  its  watery  part  being  absorbed  ;  and  it  then  forms 
what  has  been  named  Mucus,  whicli  covers  the  pn$sagcs 
and  internal  cavities  of  the  body.  This  term,  it  must 
be  acknowledged,  is  rather  vague.  Mr  Hatchet  had  re- 
garded it  as  similar  to  gelatin,  only  that  when  heated  it 
docs  not  become  gelatinous.  Dr  fiostock  has,  on  the  con- 
trary, applied  it  to  denote  a  peculiar  principle  of  animal 
matter,  existing  in  what  is  usually  named  mucus,  as  well 
u  in  a  number  of  the  animal  fluids.  The  following  are 
its  properties,  as  he  has  assigned  them.  It  may  be  ol>- 
taiocd  solid  by  evaporation,  and  is  again  soluble  in  wa- 
ter. It  is  insoluble  in  alkohol  or  ether.  It  neither  coa- 
gubtes,  nor  becomes  gelatinous,  when  its  solution  is  heat- 
ed )  characters  by  which  it  Is  at  once  distinguished  from 
albumen  and  gelatin.  Neither  is  it  precipitated  by  tannin, 
or  by  corrosive  mutiatc  of  mercury.  The  acetate  of  lead 
or  Goulard's  extract,  produces  a  copious  white  precipitate 
with  it,  and  this  forms  its  most  certain  test.  Dr  Bostock 
has  remarked  its  close  resemblance  in  these  properties  to 
V^eCable  gum  ". 

Thii  piinciple,  when  in  its  liquid  state,  suffers  inspis- 
•atjon  from  exposure  to  the  air.  The  mucus  of  the  noi- 
ttib,  which  has  been  examined  by  Fourcroy  and  Vauquc-  ' 
IrI)  appears  lo  be  in  this  stale.  They  observe,  that  this 
otuciu,  as  it  is  first  secreted,  is  liquid  and  clear,  a  lilile 
viscid,  without  smell,  and  of  a  taste  somewhat  saline  ;  it 
becomes  thick  and  viscid  from  exposure  to  the  air,  or  to 


*  Nicholsoa'i  Jouroal,  vol.  ai.  p.  2.SI.  vol,  xiv.  p.  IH. 
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3  gentle  heat}  and  tiK  residuum  whtcb  k  atlei^lhif- 
'  Cords  by  evaporation,  affords  crysials  of  murtaie  inA  c» 
borutte  of  soda,  and  phosphates  of  soda  and  lime.  Fran 
the  carbonate  of  aoda  it  coiirains,  it  rendeis  grern 
Stained  with  the  juice  of  titc  mnllow.  It  «Uo  containtaa 
animal  matter  not  albuminatis^  but  wliicb  becomes  Uudt 
and  concrete  from  the  actioo  of  tlie  oxjrgvn  of  ih«  uim»- 
phoTc,  or  of  oxymurialic  acid,  and  aci^utres  opacity  and  i 
fcUowi^  or  greenish  colour.  It  is  more  or  iesn  in  ikk 
iiate  as  it  covers  the  passage  of  tlie  nostrilsi  from  the  t^_ 
tiou  of  the  ait,  and  is  completely  inafnssated  when  ^ 
ton  has  been  exposed  to  the  vapours  of  oxymuristtc 
In  this  inspissated  state,  water  does  not  dtssolre  it, 
can  it  easily  be  diluted  with  that  fluid  either  cold  or  laarn. 
The  acids  »dded  in  snuli  quaaiity  thickea  it>  but  ia  s 
brger  pro pon ion  they  re- dissolve  it,  giving  it  dilTeient  co- 
lours. Muriatic  acid  ejects  this  solution  most  easily. 
The  :ilk.dine  or  earthy  salts  do  not  dissolve  it.  h  U  liitk 
liablL'  to  putrefaction,  wh^-n  kept  even  in  a  humid  stjie. 
Like  all  the  other  animal  fluids  it  is  subji.'ct  to  alteriUoni 
from  morbid  alVeciions,  which  iniluence  its  secretion  *. 

l-'uurcroy  and  Vauqueiin  have  farihor  observed,  tha: 
the  liquid  which  forms  the  tears  is  neatly  the  same  w'v.h 
the  nasal  mucus.  It  is  clear  as  water,  without  smell,  hi- 
ving a  taste  somewhat  saline  and  a  specific  gravity  ratht: 
greater  than  that  t>f  liiatilled  water.  It  renders  gteen  pj- 
pcr  tinged  with  juice  of  violet  or  mallow,  a  propertr 
which  appears  to  be  owing  to  tiie  presence  of  soda.  Whtn 
hi'diLcl   it  is  in.spissated,  a  change  which  it  suffers  ilio 
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^Mcklf  from  egqioeure  to  the  air ;  it  becomes  viicitl,  arul 
acquires  a  yeUowUh  or  greeniih  culour.  It  ahn  aflbnk 
cubic  crystaU,  ctmtaining  an  excess  of  aJkali  whicli  alko- 
hol  tiissolves,  leaving  the  mucus  part  undissolved.  In 
thb  inspissated  state  this  liquid  h  also  insoluble  in  water. 
The  alkaline  solutions  whldi  have  no  effecE  on  the  liquid, 
as  i(  is  first  secreted,  dissolve  it  after  it  has  i^uOered  ihii 
diange,  and  restore  lo  it  its  fluidity  and  tiauKparency. 
The  acidd  exert  no  action  on  it  at  its  6rst  discharge,  ex- 
cept tatueating  the  free  Boda  :  but  when  it  has  boen  in- 
fi|uiGMcd  'by  exposure  R>  the  air,  they  exhibit  wkh  it  pe- 
culiar phenomena.  Sulphuric,  acid  di40tiga|;es  carbonic 
^ffiuriatu:  acid  gases,  by  decomposing  the  muriate  and 
te  of  soda  which  it  contaais.  Muriatk  and  ace- 
pretltice  only  a  slight  vfie^rvescerce.  Oiymuria- 
cBUses  coagubtion,  and  floecali  are  separatied,  a 
apparently  protiuceil  by  the  commitiMcation  of 
Alltohol  fcrms  jho  white  flocculi  iuthisUcjuid. 
the  experiments  of  these  clieinistK  it  fdlnwt,  thai 
in  are  formed  of  a  large  quantity  of  waxer,  which 
b)  solmionan  anim.il  matter  not  albuminous,  «c  it  it 
■led  by  liie  acidii,  and  which  appears  to  have 
inctm  of  mucus,  with  which  toe  associnted  vati> 
tubstaoces,— muriHlT'Of  soda,  pure  soda,  phoi^ 
of  soda,  and  phospbnle  of  time.  The  Ian,  when 
intates,  forms  tlie  concretioiu  sometimes  found  in 
imai  glands  *. 

placed  ihf  history  of  thene  fioidn  under  one  wc> 
thvy  appear  to  have  stria  relationa,  both  fiiyiudo- 


'   Faitrerny'i  Syilf^  cnl.  ix.  p.  44(1. 
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f^H  and  cbemical,  and  are  pri^abljr  ultimatdjr  the  « 
^  dW  at  least  are  so  with  very  slight  modifications. 
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The  fluid  secreted  in  the  sativary  glands  Is  designed  v> 
romote  the  mastication,  and  perhaps  also  the  fanber  i't- 
^fesiion  of  the  food.  IIb  taste  is  »ery  slightly  saSlue;  ii 
'  has  a  slight  degree  of  viscidiiy,  ia  consequence  of  whkh 
it  is  frothy,  or  retains  the  ait  entangled  in  it.  Ic  does  tot 
mix  very  readily  with  water :  by  triiuration  it  may  be  id- 
JuBed  through  it ;  but  a  portion  of  matter  which  Or  B«- 
tock  considers  as  coagulated  nibumen,  remains  undiisoi'- 
cd.  When  exposed  to  the  air,  a  puUicle  forms  on  it;  :" 
becomes  turbid  and  deposites  flocculi,  changes  whicli  bi? 
been  ascribed  to  oxygenizement :  it  has  been  said,  indeed, 
10  have  an  unusual  tendency  to  absorb  oxygen;  and  hen« 
it  has  been  afErmed,  that  it  promotes  greatly  the  osidiK- 
ment  of  the  metals  ;  the  extinction  of  mercury  by  triiui»- 
tion  being  much  facilitated  by  it,  and  even  gold  and  sibtr 
leaf  being  oxidized  when  triturated  with  it  *". 

"When  the  liquid  formed,  by  triturating  saliva  with  *> 
tcr,  is  exposed  to  heat,  it  is  slightly  coagulated,  and  i  Suc- 
culent precipitate  appears.  This  denotes  the  presence  oi 
albumen.     It  is  also  coagulated  or  inspissated  by  albohat 
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and  by  the  stronger  acids.  The  fixed  alkalis  and  the 
earths  cause  an  ammoniacal  odour  to  exhale  from  it|  by 
decomposing  the  ammoniacal  salts  it  contains :  the  alkalis 
at  the  same  time  dissolve  it.  Lime-water  throws  down 
a  precipitate  of  phosphate  of  lime ;  and  oxalic  acid  detects 
in  it  the  presence  of  lime  in  small  quantity.  The  metallic 
aolutionsi  especially  the  nitrates  of  lead^  mercury  and  sil- 
ver, render  saliva  very  turbid,  and  cause  an  abundant  pre- 
cipitate }  partly  from  their  action  on  the  animal  matter, 
and  partly  by  decomposing  die  phosphates  and  muriates 
it  contains.  >  Acetate  of  lead,  or  Goulard's  extract,  pn>- 
Alices  a  cppious  predpibie  in  saliva  dQuted  with  water 
and  rendered  dear  by  filtration,  probably  from  its  action 
Ml  the  mucus  which  exists  in  it  *•  '^ 
*  When  saliva  is  evaporated  by  a  gentle  beat,  cubical 
-crystals  of  muriate  of  soda  are  discoverable  in  the  resi- 
duum, as  well  as  crystals  similar  to  those  of  muriate  of 
ammonia  f.  When  evaporated  to  dryness  it  leaves  a  re- 
iiduum,  which  swells  and  inflames  on  ignited  fuel,  exhal- 
ing a  foetid  odour,  with  a  smell  of  prussic  acid.  Its  re- 
sidual charcoal,  when  it  is  subjected  to  destructive  distil- 
lation, affords  considerable  quantities  of  muriate  of  soda, 
'  fdiosphate  of  soda,  and  phosphate  of  lime. 

Saliva  appears  to  be  a  solution,  in  a  large  quantity  of 
water,  of  albumen,  mucus,  and  certain  saline  substances 
-^compounds  of  phosphoric  and  muriatic  acids,  with  soda, 
adnmonia,  and  lime.     The  proportions  are  coojectiired  by 

*  Bottock,  Nicholson'a  Journal,  vol.  xiv.  p.  I  iT. 
'\  Fordyce  on  Digestion,  p.  52. 


Dr  BoBtock  to  be  sfcoiu  80  of  waier,  8  of  c 
bumen,  U  of  mucue,  and  1  of  the  saline  compounds. 
lUie  concrclions  which  are  sometimes  deposited  ii 
cxccetory  ducts  of  tiie  salivary  glands,  are  stated  hj  f 
CToy  to  consist  of  phosphate  of  lime,  with  animal  mat 
lage ',  and  the  itiiTustation  forracd  on  the  teeth  firom  the 
saliva,  and  known  by  tlie  name  of  Tartar  of  the  beeth,  h 
Aaid  to  be  of  a  similar  nature.  , 

Tbe  stmilurity  of  the  Pancreatic  Juice,  or  liquid  iv^ 
«reted  by  die  paacieas,  lo  the  saliva,  has  always  becn.^ 
aerv.ed  by  i^hysiologists,  but  it  has  undergone  little  cb«im< 
cal  examination.  Br  Fwdyce,  from  a  small  quantity  «f 
it  which  he  obtained,  found  it  to  be  liquid  and  co]ourIec*i 
ihaiviug  a  taaie  slightly  saline.  On  allowing  it  to  cvapo- 
latCt  ciyttals  were  deposited,  similar  to«hose  from  tbe  sk- 
Hva.  and  muriatic  acid  was  indicated  by  the  test  of  nitrstr 
of  silver.  On  evaporation  also,  a  colourless  mucus  was  ob- 
tained, which  redissolved  in  water,  though  the  compound 
witli  water,  to  use  Dt  Forilyce's  expression,  is  not  very 
diffusible  through  water*-  From  these  facts  it  appears 
to  be  extremely  analogous  to  saiiva,  and  probably,  as  phy- 
siologists have  conjectured,  serves  the  same  purpose  in 
promoting  the  digestion  of  the  food. 
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OF  THE  GASTRIC  FLUID. 


:No  fluid  presents  more  singular  properties^  than  (hat 
iadi  is  secreted  by  the  glands  of  the  stomachy  and  which 
i^of  so  much  importance  in  the  process  of  digestion. 
iMbi  its  connection  with  that  process^  its  properties  have 
isn  often  the  subject  of  investigation^  and  a  number  of 
B  with  regard  to  it  have  been  discovered  by  the  labours 
|]teaomur^  Stevens  and  Spallanzani. 
plhft  principal  difficulty  in  submitting  it  to  experiment 
Aat  of  obtaining  it  pure ;  for  as  there  is  no  duct  whence 
era  be  coHected,  it  is  always  liable  to  be  more  or  less 
istd  with  the  contents  of  the  stomach.     The  method 
lirii  Spallanzani  employed,  was  to  cause  an  animal  to 
Idlow  small  pieces  of  sponge,  when  it  had  fasted  so 
tB  fti  that  the  food  might  be  supposed  to  have  been  e- 
Sttited  from  the  stomadi,  and  after  some  hours  with- 
niring  these  bits  of  sponge,  by  a  string  attached  to  them. 
Inressing  them  over  a  glass  capsule^  the  gastric  fluid 
■ch  they  had  -imbibed  was  obtained.     It  may  also  be 
tweeted  from  the  stomach  of  an  animal  newly  killed) 
L  irhich  had  previously  been  kept  some  hours  without 
d  I  but  the  quantity  that  can  thus  be  procured  is  not 
^iderable.     In  the  operation  of  vomiting  it  frequently 
pens,  that  after  the  solid  contents  of  the  stomach  have 
^  discharged,  when  the  vomiting  recurs,  a  colourless 
'»  more  or  less  viscid,  is  brought  up,  which  has  been 
^OL.  IV.  O  o 
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Regarded  as  the  gastric  juice.  DrFordyce  h^ts  rcmaiked,  j 
however,  that  he  had  often  examined  thi«  fluid,  and  foniid 
it  to  be  wateTi  with  a  sm^ll  (luantiiy  of  saline  matter,  and 
little  or  no  mucihige,  and  to  be  destitute  of  one  of  the 
most  diaracteristic  properties  of  the  gastric  fluid,  that  of 
co^igulating  niitk. 

The  gastric  fluid  obtained  by  Spallanzani,  was,  in  aO  the 
orders  of  animals  from  whom  he  procured  it,  whether  i 
gramemTorous  or  carnivorous,  similar  in  appearance  uhI 
physical  qualities.  If  unmixed  with  any  of  (he  food,  ii 
was  clear,  or  its  transparency  was  at  least  little  inferior  to 
that  of  water.  Its  taste  was  always  somewhat  saline,  and 
frequently  also  bitter :  this  bitterness,  as  well  as  a  tinge  of 
yellow  which  it  sometimes  had,  being  undoubtedly  owing,  ! 
as  he  supposes,  to  the  presence  of  bile.  Sometimes  it  was  ! 
procnred  without  any  sensible  bitterness,  and  its  tuie  WM  J 
then  meroly  saline.  He  could  not  discorer  in  ii  nnv  in- 
dication of  acidity,  except  somelimcs  in  animals  feeding 
on  vegfiiiblcs,  am!  the  acidity  was  then  evidently  to  be 
nsctibeil  to  the  intermixture  of  the  food,  and  the  changes 
it  had  undergone  *  :  it  was  equally  free  froii  any  aikali. 
In  a  further  examination  of  hi  properties,  undertaken  at 
the  desire  of  Spalljnzanl,  by  Scopoli,  it  was  found,  when 
Iriiursted  with  Itme,  to  emit  a  fcciid  odour.  It  precipi- 
tated silver  in  the  state  of  muriate,  from  nitrate  of  silver : 
evaporated  it  gave  a  solid  residuum,  deliquescent,  and  ha- 
ving an  unpleasant  oduui.     Subjected  to  destructive  d:»- 


•   .Spalldnzani's  DJss!-r 
t   III,;,  p.  53.  ST.  -JB' 


UF  THl:  GA3T1!IC   FLUID. 


57  ft 


^to  this  very  imperfect  account  of  the  qualiiies  of  the 
f^MUic  fluid,  Some  faces  have  been  added  by  Macquact  and 
Vau()uelin.  They  obtauied  it  from  the  stomachs  of  sheep 
and  calves;  they  always  found  in  it  free  phosphoric  acid 
and  phospliatu.  A  smalt  quantity  of  albumen  was  sepa- 
rated fiom  ic  by  the  acii6n  of  acids,  besidet  a  poriion  «f 
mocui  or  gelatinous  matter  •. 

SpalUnzani  had  observed,  ih;it  the  gastric  fluid  is  little 

liablu  to  putrefaciton.    Obtained  from  his  own  stomach 

by  vomiting,  he  remarks,  ihai  "  it  riid  not  change  colour 

or  taste,  nor  did  it  acquire  any  bad  smell,  though  kept 

)ve  a  month,  in  the  hottest  season  of  the  year  i"  and 

ret,  that  this  is  a  property  common  to  every  gas- 

lid  he  had  examined  f-     f^>y.  he  found,  that  it  prc- 

liiubaiances  ftom  putrefying,  and  eren  that  animal 

which  had  become  putrid  aud  offensive,  wis  rr* 

and  rendered  free  from  this,  by  maceration  in  thi* 

fluid,  either  out  of  the  body  or  tn  the  stomach  of 

animAl  J.     These  properties,  however,  were  not  ob- 

by  Micqiurt  and  Vauquclin  in  the  gastric  fluid» 

tamincd  *,  on  th«  contrary,  tbry  became  corrupted 

days.     The  observation  of  Spallanzani  is,  how- 

[confirmed  by  the  experiments  of  Stevens. 

singular  property  of  this  fluid,  and  one  whidi 

ibtedly  chemical,  is  its  solvent  power  with  regard 

food,— a  power  uttequi vocally  establijlied  by  the 

lied  tescatchcs  of  Reaumur,  Stevens,  ai\i  Spallan- 

•  Fuutnoy'sSyiiem,  vol.  ».  p.  1 
,  f  Dit«enuio(is,  vol.  i.  p„  11 
k  t  tkiA.  h  iisi  c>^ 


zani.     Reaumur  inclosed  articles  of  Jjet  in  otetimic 
open  at  both  ends,  which  he  forcL-d  animals  (o  Bwallcw. 

employing  those  substancL-s  with  regard  to  each  on  wl 
they  naturally  ffcJ.  By  this  contrivance  he  a»oi<led  liw 
action  of  pressure  and  trituration,  which  had  been  coiui- 
dctcd  as  the  principal  causes  of  digestion,  and  espowd  the 
food  merely  to  the  action  of  the  gastric  fluid.  He  fauu^ 
ihai  in  animuU  with  a  membranous  stomach]  and  winch 
tiaualty  feed  on  6esh,  the  inclosed  food  was  dissolved,  mote 
or  less  completely,  according  to  the  lime  during  which ikc 
tubes  were  allowed  to  remain  in  the  btomach ;  and  ht 

'hvitce  ii.ferred,  that  the  gastric  Suid  of  diese  animals ik 
possessed  of  a  solvent  power.     He  found,  however,  ihii 
in  those  animals  which  have  a  muscuUr  uoinach,  capaUe 
of  strong  contraction)  and  therefore  of  performing  ibec'- 
&ce  of  triiuratiou,  the  substances  inclosed  (grahn  cbieAf 
on  wliich  thesf  aiiim.tis  I'ced,  ihcmgh  somelimes  also  gtiu. 
or  even  i\^i\i)  were  not  ;it  all  ilisiolvcd  ;  and  iteuct  k 
concluded,  that  in  these  animals  the  gastric  flaid  is  uoi: 
solvent,  and  that  the  digestion  of  the  food  ij  elieciedbf 
trituration.      Spallanzani  rectified   thi:,  conclusion  i  bt 
shewed,  that  the  trituration  is  necessary  only  to  bruise  t^ 
fond,  and  thus  prepare  it  for  the  action  of  the  gastric  flout 
and  that  when  previously  bruised,  or  when  from  iojad^ 
prepaiatlon  it  is  in  a  soft  or  humid  state,  and  incloi^d 
tubes,  it  is  tliisolved  by  these  being  alloweJ  lo  jemM' 
the  stomach  *.     lie  further  found  with  Rc^iirour,  liu'^ 
at'imals  with  a  mcmbranoui  stomach,  the  soluliono' '■' 

*  DisSi^riations,  vol.  i.  p.  '^j. 
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icloecd  in  tubei,  tikes  place  very  readily  *.  And 
still  more  decisive  with  regard  to  the  solvent 
of  (he  gastric  fluid,  he  found,  thit  ihe  diiferent 
tlllMtances  used  as  food,  boih  flesh,  bread,  grain,  and  grass, 
submitted  to  its  action  out  of  the  body,  at  ri  temperature 
not  higlier  than  that  of  animals,  were  dissolved  f.  It  ap- 
pears ffom  his  rcnearchcs,  that  in  animals  wiili  a  membm- 
notis  stomach,  the  solvent  power  is  greater  than  in  those 
with  a  muicular  stomach,  by  [he  exertion  of  which  ihc 
food  n  bruised  ;  and  in  snme  of  the  former,  in  the  dog, 
for  esampic,  or  the  eagle,  th*  solvent  power  is  very  con- 
nderable,  (he  hardest  bone  inclosed  in  tubes  being  speedily 
^ssiilved. 

With  the  experiments  of  Spallanzani,  those  of  Stevens 
En  general  agree  |.  Availing  himself  of  the  opportunity 
of  making  cxpenmeots  on  a  man  who  had  ihe  power  of 
tvallowing  hard  substances  without  injury,  he  gave  to 
lum  alinoat  all  the  articles  of  food,  vegetable  or  animal, 
inclosed  separately  in  hollow  spheres  of  silver,  perroraIe4 
with  a  number  of  holes,  and  found,  (hat  when  thus  intro- 
iliiced  into  the  stomach,  ihcy  were  speedily  dissolved.  And 
continuing  hi*  experiments  on  animals,  he  established 
nearly  the  same  rcsulit  as  Spallanzani  had  done.  He  found 
too,  tjiat  the  gastric  fluid  out  of  r he  body  eKertiilssolvcDC 
power.  Half  an  ounce  of  the  gftitric  juice  of  a  dog  wa* 
put  ioio  a  phial  with  twelve  grains  of  roasted  beef, 
and  the  ume  quantity  of  the  same  beef  was  put  into  av- 
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Oth»  p]ii:ri  wiiil  w3ieT.     Bodl  were  exposed  lo  i  Unk 
pCFarurc-  of  from  102  to  104  :  in  nght  boars,  the  Wtf  in 

die  gastric  fluid  was  cumpletely  dliMiWcdt  while  ihir  id 
the  water  was  not  »ea*ibly  altered  :  in  twemy-four  boov 
the  laiter  was  putrid,  while  ihe  ft>nner  bad  merelf  apvn- 
gent  odour,  probably  from  i  flight  scorching  from  the  hex. 
When  the  experiment  was  repealed  with  fiesh  masdcittd, 
^te  solution  was  sooner  completed  }  ant)  in  a  tinular  miE- 
I  Iter,  many  other  substances,  both  animal  and  Tegriatil<f, 
t'werc  diseolred. 

*  In  one  point,  ihe  experiments  of  these  pbys!oIo^isi>  da 
Wt  perfectly  correspond.  Stefens  found,  that  itiov  kiiiiii 
Pof  food  on  which  animals  do  not  naturally  feed  arc  net 
»4issolveil  when  introduced  tn  these  balls  into  the  stomac^i 
'' dtat  if  tubes  or  balls,  for  example,  containing  flesh,  b^ 
grass,  or  herbs,  be  introduced  into  the  stomach  of  a  sheqs 
the  liitlcr  an?  com[ilote!y  (lissylvcJ,  while  the  fcrtnetif 
not  alrered.  The  experiment  was  repented  on  ihe  ot  ^:i 
a  similar  result ;  Ami  hence  it  appears,  lii.il  in  those  :iBi- 
mals  wliich  usually  feed  on  vegetables,  animal  food  iiiwi 
digBoived  by  the  gastric  fluid.  Spallaiizani,  however,  rfi- 
lained  a  result  somewhat  dilTi-Tcnt ;  in  animals  which  M 
principally  on  grain,  as  ducks,  hens,  and  lurkevs,  B«A 
introduced  in  tubes  into  thu  stomach  being  dvsioln: J  * ; 
while  in  those  which  feed  usually  on  flesh,  as  the  cro*, 
farinaceous  giains,  previously  bruised  and  inirodocftl  in 
tubes,  were  hkcwise  dissolved  f-  These  animals,  h^*- 
ever,  do  not  seem  naturally  much  limited  to  one  i^.^ci 
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foody  but  can  subsist  on  verjr  different  substances.  And 
it  is  admitted  by  Spallanzani,  th&t  some  species,  as  birds 
of  prey,  are  incapable  of  digesting  vegetables  *•  It  there- 
fore rather  appears,  that  the  solvent  power  of  the  gastric 
fluid  is  in  a  great  measure  limited  to  the  kind  of  food  on 
which  the  animal  naturally  subsists,  though  the  stomach 
IS  undoubtedly  capable  of  in  some  measure  adapting  itself 
to  the  food  received,  so  that  the  animal  can  at  length  be 
brought  to  be  nourished  by,  and  even  to  relish,  substances 
the  most  opposite  to  those  on  which  it  naturally  feeds.  In 
those  animals  which  feed  both  on  vegetable  and  animal 
matter,  as  in  man,  both  are  dissolved  by  the  gastric  juice. 

The  solvent  power  of  the  gastric  fluid  is  well  shown  by 
its  action  os  the  stomach  itself ;  it  frequently  happening, 
that  an  erosion,  or  a  solocioa  of  tlie  depending  part  of  the 
stomach,  is  discoverable  after  death,  as  Mr  Hunter  first 
pointed  outf.  And  no  fact  better  shews,  how  far  the 
presence  of  vitality  suspends^  or  counteracts  the  usual 
chemical'  powers,  since,  during  life,  the  stomach  does  not 
suffer  from  the  action  of  this  fluid.  Stevens  has  however 
slated  some  facts  to  prove,  that  this  is  to  be  understood 
with  some  limitation,  and  that  animals  even  while  alive 
are  in  son^  cases  subject  to  thp  process  of  digestion  j:. 

These  facts  with  regard  to  the  solvent  power  of  the 
gatstric  fluid  are  truly  singular :  they  are  such  as  could  not 
be  inferred  from  any  quality  that  fluid  is  known  to  possess, 
or  from  any  other  chemical  agency  it  appears  to  be  capable 


♦  Dissertations,  vol.  i.  p.  217.  288. 
f  Philosophical  Transactions,  vol.  Ixii.  p.  ^17 
%  Dissertatio  Inauguralis.  p.  .58. 
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of  eicrting :  they  admit,  iherefore,  of  no  esalanui.~ 
and,  in  our  present  imperfect  kttowledge  of  its  matt, 
must  be  received  merely  as  ultiinate  facu. 


OP  Bite,    or  BtLURr  c^Lcrti. 

Bii.E  is  a  Auid  secreted  by  the  liver  from  dv 
Uoad  which  has  circulated  through  the  abdominal 
it  enters  the  intestines,  and  appears  designed  to  scire 
important  purpose,  from  the  large  quantity  of  it 
It  has  generally  been  considered  u  an  assisting  agat' 
the  process  of  digestion,  or  at  least  in  the  fomutiestf 
chyle  ;  and,  in  support  of  the  latter  conclus 
has  been  genernlly  siateil,  that  no  traces  of  tlic  chjleiff 
to  be  discovered  previous  to  the  interniistare  of  the  hii 
with  the  digested  food.  It  is  no  argument  against  ib 
opinion,  that  the  bile  cannot  be  discovered  by  any  of  ifi 
properties  in  the  chyle  j  for  these  may  be  changed  bT  tt: 
combination,  or  some  of  its  principles  only  m-i^  enter  ir- 
to  the  Composition  of  that  fluid,  while  others  may  be  jeJ 
undoubtedly  are  discharged  as  excrementitious.  'lie  jin- 
gularity  deserves  to  be  remarked,  that  it  is  formed  frw 
venous  blood,  while  the  other  secretions  appear  alwiTiTJ 
iLilie  their  origin  from  arieiial  blood.  This  deviation,  jv'- 
formed  too  by  a  pATlicubr  apparatus,  would  L-id  t"  i- 
conjeciure,  tliat  a  large  proportion  of  carbon  is  in'Ctisn 
td  its  constitution  ;  and  it  will  accordingly  appcj:  ";'' 
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■)!•  aniljriia,  that  its  principal  solid  ingredient  is  highly  in- 
flxmniablei  and  is  very  similar  in  its  properties  to  the  ve- 
{jeiahle  resins,  in  the  composiiion  of  wliich  we  knov  car- 
bon and  hydrogen  predominate,  rourcroy  has  even  sup- 
posed, ihit  ihjt  portion  of  it  which  is  excremeniitioiu  is 
ilesigned  to  convk;f  an  excess  of  hydrogen,  and  we  may 
add,  pcf  haps,  of  cirbon,  from  the  system  i  and  under  this 
point  of  view,  which  is  not  improbable,  tt  may  be  regard- 
cd  as  subordinate  to  respiration,  and  as  freeing  the  blobd 
from  principles  which  could  not,  without  inconvenience, 
be  entirely  abstracttrd  by  the  action  of  the  air. 

'Die  bile  when  Grst  secreted,  is  perfectly  liquid,  and, 
in  this  slate,  a  portion  of  it  constantly  flows  into  the  upper 
part  of  the  intestinal  canal.  But  in  many  animals,  there 
ia  also  a  particular  reservoir,  ihe  gall-bladdeTi  into  which 
B  quantity  is  received,  which  from  abiorptton  become* 
more  thick,  and  which  occasionally  flows  into  the  imcs- 
tinea.  The  qualities  of  the  bile  do  not  seem  to  be  other- 
wise much  altered  in  this  organ,  and  its  inferior  import- 
ance is  sufTicienlly  demonstrated  by  the  fact,  that  in  many 
even  of  the  more  perfect  animals  it  is  altogether  wanting. 
It  is  this  cystic  bile,  however,  as  it  is  named,  or  bile  col- 
tected  in  the  gall-bladder,  that  has  been  generally  examin- 
ed, as  it  is  that  which  is  most  easily  procured. 

It  has  always  a  certain  degree  of  tenacity,  more  or  lesa 
according  to  the  time  during  which  it  has  been  retained 
in  the  gall-bUdder,  and,  no  doubt,  also  according  to  the 
coergy  of  absorption.  It  feels  unctuous,  or  rather  soapy  : 
its  specific  gravity  is  rather  greater  than  that  of  water, 
being  I.02G  :  its  col  >ur  i«  yellowish  green,  and,  in  some 
iillliiiuh>  is  nearly  pure  yellow :  its  odour  is  faint,  and  pc- 


J 


n 


culixr  :  lis  Mste  is  extremely  biiter,  ihis  bitten>«3  heivf 
atrong  even  in  its  most  dilute  state)  and  becoming  inteitM 
when  the  bile,  from  stagnation,  is  tljkV  and  riscid> 

Bil«,  from  its  obvious  importance  in  the  living  »fKni, 
hai  often  been  submitted  to  chemical  examinatiooi  ud  * 
rumbvr  of  important' facts  with  regard  to  it  are  now  i^ 
cenatned.  For  tbete  we  are  principally  indebted  toase> 
x'tm  of  etpetimcnis  by  Cadet  *  and  by  Ramsay  -f>  and  more 
lately  to  a  memoir  by  Thenard  %■ 

Btic  left  exposed  to  the  atmosphere  at  a  moderVtlf 
waim  temperature,  soon  sufiers  spontaiMous  decompoti- 
don  i  it  emits  a  fartid  odour,  and  seems  to  pass  into  3  itaie 
of  putrefaction. 

When  exposed  to  a  gentle  ttfai,  a  large  (quantity  of  wa- 
tery liquid,  about  DO  pans  from  100,  pass  over ;  this  his 
the  odour  of  the  bile,  but  not  its  taste.  The  residua]  mit- 
tet  is  thick  and  tenacious,  of  a  dark  brown  colour,  interse. 
ly  bitter,  deliquescent,  and  readily  soluble  in  water ;  when 
kept  for  some  time,  it  acquires  a  peculiar  smell  similar  to 
that  of  ambergrise  or  musk :  bile  itself,  too,  acquires  thi* 
smell  on  being  kept,  and  communicates  it  to  the  vuet 
distilled  from  it.  When  the  extract  of  bile,  as  the  sul>- 
stance  which  is  obtained  by  evaporation  of  the  watery 
part  is  named,  is  exposed  to  a  heat  gradually  raised,  ii  it 
decomposed  -,  a  portion  of  water  having  a  fcetid  oJl^:, 
and  containing  sulphuretted  hydrogen,  distils  over;  a  li- 
quid next  passes,  brown  and  wry  fcctid,  and  coatainin; 

'  M,'moiiT3  de  l-Acail.  dcs  Sciences,  ITlJT. 

+  Di?5enatin  Inaii^uiali--,  I'Mln.  17.—. 
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carbonate  and  acetate  of  ammonia ;  this  is  succeeded  hj 
an  oily  at  first  thin  and  light,  bat  which  soon  becomes 
thicky  brown,  and  empyreumatk  ;  more  carbonate  of  \im- 
monia  sublimes,  and  there  passes  over  a  large  quantity  of 
elastic  fluid,  consisting  of  carbonic  acid,  carburetted  and 
sulphuretted  hjnlrogen  gases.  There  remains  a  black 
spongy  charcoal,  which  bums  easily,  and  which,  when 
left  exposed  to  the  air,  affords  an  efflorescence  of  carbon- 
ate of  soda.  By  incineration,  there  is  obtained  from  it 
carbonate  of  soda,  amounting  to  nearly  half  its  weight, 
irtth  a  little  muriate  of  soda,  and  some  traces  of  iron  \ 
and,  according  to  Fourcroy,  phosphate  of  soda  and  pbos- 
phste  of  lime.  The  dry  matter  obtained  by  the  evapora- 
tion  in  this  experiment  takes  fire  if  heated  under  free  ex* 
posore  to  the  air,  and  yields  the  same  salts  after  t^e  com- 
bostion,  and,  according  to  '^Thenard,  a  small  portion  of 
sulphate  of  soda. 

Bile  mixes  readily  with  water  in  every  proportion,  and 
even  in  its  inspissated  state  is  readily  dissolved  by  it.  The 
.  solution  changes  the  colour  of  violet,  or  mallow,  to  a 
green,  indicating  the  presence  of  a  free  alkali. 

'  The  acids  decompose  bile.  If  a  few  drops  of  acid  be 
added,  litdc  or  no  precipitation  is  occasioned,  but  a  liquor 
of  a  reddish  tint  is  obtained.  If  more  acid,  however,  be 
added^  a  copious  precipitate  is  formed  of  a  greenish  co* 
lour,  especially  when  thrown  down  by  muriatic  acid  ;  af- 
Ser  some  hours,  as  Cadet  observed,  much  of  this  coagu- 
hm  disappear?,  and  there  remains  on  the  filtre  a  substance 
with  a  greenish  or  yellowish  tinge,  and  which,  as  is  im- 
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mediately  to  be  obserred,  is  similar  in  its  properties  tod 
bumon.  The  liquor  obtained  clear  by  filtratio 
extiemely  bitrcr  taste  ;  when  etaporated,  it  depositee 
flakes,  tenacious  and  inflammable,  melling  and  burning 
when  kindled,  with  much  smoke  like  a  resin,  and  soluble 
in  alkoliol.  The  liquor  poured  off  from  this  precipiti 
contains  soda,  as  ifaffords,  by  evaporation,  the  salt  for 
ed  by  the  union  of  soda  with  the  acid  that  has  been  en 
ployed  is  the  experiment  •. 

These  phenomena  are  best  produced  by  the  tnuriat 
acid;  the  other  acids  produce  effects  tn  some  mei 
peculiar.  Concentrated  sulphuric  acid  separates  from  i 
dense  floccuH,  and  gives  it  a  deep  colour  ;  diluted  sulphu- 
ric acid  renders  it  intensely  green.  Muriatic  acid  also  pre- 
cipitates it  of  a  green  colour,  which  from  heat  assume  a 
Tiolet  tinge.  Nitric  acid  precipitates  it  green  in  thecold. 
hut,  when  heated,  assumrs  a  red,  and  ultimately  a  t^rey 
colour  ;  by  evaporation  it  assumes  a  golden  yellow  colour, 
and  the  bile  13  converted  partly  into  oxalic  and  prussic 
acids.  Oxymuriatic  acid  whitens  it  and  renders  it  turbid, 
by  coagulating  its  albumen,  and  at  the  same  time  it  con- 
verts its  resin  into  a  white  fatty  substance  f. 

The  action  of  alkohol  on  bile  affords  results  which  point 
out  stitl  more  ck-arly  the  nature  of  its  immediate  princi- 
ples. When  the  alkohol  is  poured  upon  it,  a  coaguluni 
is  immediately  formed,  which  floats  in  a  liquid  of  a  green 
colour.  When  this  is  separated  by  filtration,  there  remains 
on  the  filtre  a  white  viscid  substance,  having  scarcely  any 

•  Cadft.  Mt-'moircs  dt  I'Ata.i.  dei  Science?,  ITtjT,  p.  :',!(). 
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bitter  taste  and  very  putrescible,  approaching  therefore  in 
its  properties  to  albumen,  and  which  has  hence  received 
the  name  of  the  Albumen  of  Bile.  It  can  likewise  be  se* 
parated,  though  imperfectly,  by  hear,  bile  becoming  thick 
when  its  temperature  is  raised  to  170^,  independent  of 
any  evaporation ;  and  it  is  it,  as  has  sdready  been  remark- 
ed,  which  forms  the  basis  of  the  coagulum  separated  by 
the  acids  i  it  is  insoluble  by  itself  in  water,  but  it  com- 
bines with  soda  and  is  rendered  soluble. 

When  the  filtered  liauor  obtained  in  the  coagulation  of 
bile  by  alkohol  is  examined,  it  is  found  to  retain  the  green 
colour  and  the  very  bitter  taste  of  the  bile  itself.  Being 
eTaporated,  it  affords  a  concrete  substance  of  the  same  co* 
lour^  inflammable,  fusible  at  120^,  soluble  again  in  alko- 
hoi,  and  precipitated  by  the  affusion  of  water.  It  is  also 
soluble  in  the  alkalis,  from  whith  it  is  precipitated  by  acids. 
From  these  properties,  in  which  it  approaches  closely  to 
the  vegetable  resins,  it  has  been  named  the  Resin  of  the 
Bile,  and  it  appears  to  be  the  principle  in  which  the  co- 
lourj  odour,  taste,  and  probably  the  most  important  pro- 
perties of  the  bile  reside. 

Besides  these  principles,  Cadet  observed,  that  there  ex- 
ists in  the  bile  a  kind  of  saccharine  matter,  which  ap- 
proaches in  its  properties  to  the  sugar  of  milk.  He  re- 
marks, that  Verheyen  had  alluded  to  the  sacchatine  taste 
which  is  found  in  the  bile  when  it  has  been  thickened  by 
evaporation,  and  again  dissolved  in  water ;  but  the  princi|)lc 
on  which  this  depends,  had  not  been  discovered  prior  to 
his  researches.  He  recognised  it  in  different  experiments. 
Thus,  when  bile  was  decomposed  by  muriatic  acid,  and 
the  muriate  of  soda  obtained  by  evaporation  of  the  residual 
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^"g  matter  4',  soda  4,  phosphaic  of  soil.)  2,  niiniueef  »i 
(la  3.2,  sulphate  of  soila  0.8,  plioapiiale  of  Itmc  1.3,  oiide 
of  iron,  a  minute  trace. 

Little  was  known  with  regatil  cv  the  varipiies  of  At 
title  in  dilFcTeni  animals.    Thcn^iil  has,  IiaweTer,  reccatlf 
insiituieil  some  inquiries  on  this  subject.  His  first  experi- 
menis,  already  taiti;ii  notice  of,  were  made  on  oz  bile ;  tiut 
of  the  sheep,  dog,  and  c;it,  he  found  to  be  perfectly  timiUr 
to  it  i  that  of  the  hog  is  very  dliferent ;  it  does  not  conuin 
tilher  albuminous  matter,  or  picronei,  but  containj  only 
resin  in  large  quantity,  with  soda,  and  some  saline  Bob- 
ttnnces.     The  bile  of  birds,  though  ii  has  a  great  analogy 
villi  that  of  quadrupeds,  dilTors  from  it  tn  the  followuij 
lespects:  It  contains  a  large  quantity  of  albuminoui  nut- 
ter; tlie  picromel  obtained  from  it  is  not  sensibly  saccfaa* 
line,  but  extremely  bitter  and  acrid  -,  there  are  only  mi- 
nute traces  of  soda  i  ami  aceiaie  of  le.:d  docs  imt  precipi- 
tate its  resinous  matter.     'l"lie  bilt  cf  fiblies,  it  i=  k-c«-n, 
is  usually  less  bitter  than  that  of  quadrupeds.     Tlif:::ir: 
found,  that  iliat  tf  the  thoriibact  .iUlI  ih'-  sjinion  ij  d  - 
yellowish  white  colour  j  it  ailurds  by  L'vaporaticn  a  mir- 
ier very  sweet,  and  slightly  acrid,  and  it  appears  to  eon:j.t 
no  resin  :   that  of  the  cjrp  and  tin-  eel  is  VlTv  gri'i'ii,  a- 
Iremelybitier,  contains  link' a  Ibumitiousmatter, , in  J  ili'jn!* 
soda,  resin,  and  a  matter  s«-LCt  mid  acrid  similar  to  tlu! 
from  the  bile  of  the  salmon.     Human  bile  is  descriW  bf 
Thenard  as  varying  in  colour,   beiji^  sonictinics  gre-'r, 
more  frequently  of  a  browiiiali  y(.-Ilow',  fi'uietinies  colou:- 
Icsa ;  its  taste  is  very  b'.Her;  it  is  r.irely  inrlL'cily  iiii;]ii^, 
but  contains  a  quantity  of  yellow   ni.iller  in  sii,-,pLT->i>::'- 
It  boeomes  turbid  on  boili;ig,  and  by  cv.ip: rat ':,):;  .•.'.x-ii 
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%  brown  mass  equal  to  an  eleventh  part  of  the  bik  eva* 
pontedy  which  when  calcined  afibrded  the  same  saline  sob- 
stances  as  ox  bile.  The  acids  deconopose  k^  and  throw 
down  an  abundant  precipitate  of  albttmen  ami  ol  resm. 
Acctale  of  lead  changes  it  into  a  liquor  sMj^tly  yellow^  in 
whiA  no  picromel  is  found,  and  wfakh  cdittains  only 
acetate  of  soda,  and  some  traces  of  animal  itiatter.  He 
grres  the  following  as  the  compoeition  61  110(X  parts  of 
huisa&bile  :  1000  of  water,  from  2  to  1&  of  at  yellow  mat- 
ter inaokible^  which  is  suspended  in  the  hlAtf  42  of  albu- 
meiit  41  of  resin*  5.6  of  soda,  and  4.5  of  phosphates  of 
8od»  sttid  lime,  sulphate  and  muriate  of  sodai^  and  oxide  of 
iton.  It  is  no  doubt  varied  by  df  Gfease.  Thetiiard  has  ad- 
ded, that  when  the  liver  is  enlarged,  the  bile  which  it  se- 
cretea  appealed  to  be  less  resiinous  -,  and  Wheti  the  disease 
IS'  mueh  advanced^  it  is  principally  albumihoust  without 
much  Uttemess  *•       • 


Thbrs  are  frequently  formed  in  the  gall  bladder  small 
concretions,  derived,  probably,  from  changes  the  bile  suf- 
fers while  it  remains  in  that  organ.  These  have  been 
ndmed  Biliary  Calculi^  and  have  been  repeatedly  subjectis 
of  chendical  investigation.  '  They  are  not  altogether  uni- 
form in  their  appearance,  but  vary  in  their  colour,  texture, 
and  hardness,  and  in  their  chemical  characters. 

The  most  common  kind  are  of  a  lamellated  structure, 
or  composed  of  a  substance  having  much  resemblance  to 
the  znimdl  fat  named  Spermaceti,  disposed  in  crystalline 
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laminae.     This  pecuii^ir  matter  appears  Brst  to  hm 
taken  notice  of  by  Poulleiier  de  la  Salic.      He  footlda  dai 
wh«a  these  calculi  are  digested  in  aikohol,   the  lipoid,  ■ 
cooling,  deposiles  brilliani  crfBtallinc  9ake&.     Fotuaoj, 
examining  this  matter  *,  found)  ihat  it  has  a  do«e 
blance  in  its  properties  to  that  species  of  aninul  fat  vbd 
he  has  distinguished  by  the  name  of  Adipocir?,  tai^ 
which  Spermaceti,  as  well  as  the  fatty  matter  formed  fno 
animal  substances  under  certain  circumtlances.  Mi  vnit- 
tles.    The  characters  of  this  substance  are  &ulBcieat!y  p'^ 
cise.     It  melts,  but  requires  a  heat  superior  to  that  <J 
boiling  water :  in  fusion  it  has  a  smell  like  wai^  and  a 
cooling,  forms  a  substance  which  breaks  into  crynallio 
laniinx.    It  is  not  soluble  in  alkohol  in  the  cold  i  but  vte 
the  alkohol  is  boiled  on  it,  it  is  dissolved  in  a  propenM  I 
according  to  Fourcroy,  of  one  part  in  ntnctrm,    vrfT*-  ] 
lug  to  Dr  llo5iock,  one  in  tlnrty  f.     The  solution,  v\ci 
it  coois,  depoaites  light  btiliiant  scales.      It  is  solubii 
ether  in  the  cold,  and  more  abundantly  if  the  ether  k 
heated.     Oil  of  turpentine  dissolves  in  general  biiiaryc-i- 
culi  1  and  according  to  Grcn,  it  dissolves  those  whicli«* 
sist  almost  entirely  of  this  peculiar  matter;   yet  Dr  I^ 
lock  has  remarked,  that  oil  of  turpentine  acts  on  if'- 
difliculty,  and,  even  when  digested  with  it  at  a  twii^ 
heat,  dissolves  it  in  a  small  degree  only,     I'ure  jijdi  isil 
potassa  dissolve  it  completely,  and  reduce  it  to  a  mjkmut^ 
ceous  state.    Ammonia,  as  Ur  Bostock  has  remarke<A  ,  b 
erts  little  action  on  it,  except  when  boiling.     N.;ri»:^    -^ 
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.ditsolres  it|  and,  according  to  Fourcroy,  converts  it  into 
a  species  of  liquid  similar  to  the  oil  of  camphor.  This, 
as  Dr  Bostock  has  remarked,  becomes  concrete,  but  with- 
out any  crystalline  structure,  and  is  more  soluble  in  ether 
and  the  alkalis  than  the  original  matter. 

This  substance,  Fourcroy  has  observed,  it  contained  in 
greater  or  less  quantity  in  nearly  all  the  human  biliary  cal- 
culi, more  or  less  intermixed  with  other  matter,  but  still 
so  far  predominant  as  to  form  their  basis.  Hence  they 
partake  of  its  properties }  .are  fusible,  inflammable,  and 
more  or  less  soluble  in  the  re-agents  which  dissolve  it. 
Their  texture  is^  laminated  or  radiated  :  some  are  found 
in  which  it  is  nearly  pure,  and  which  consist  of  layers, 
.  toft  and  brilliant ;  in  others,  it  is  intermixed  with  a  yel- 
lowish or  greenish  matter,  and  in  some,  this  matter  is  in 
so  large  a  proportion,  that  the  adipocire  is  disguised,  and 
b  dTscovered  only  by  its  deposition,  when  the  calculus  has 
been  dissolved  by  hot  alkohol ;  and  often  the  calculus  con- 
sists of  layers,  which,  from  their  colour,  appear  to  consist 
of  these  principles  in  diflFerent  proportions.  This  matter, 
Thenard  has  stated  to  be,  what  he  calls  the  yellow  or  al-  . 
buminous  substance  of  the  bile. 

Other  calculi  are  sometimes  found,  particularly  in  the 
gall-bladder  of  quadrupeds,  which  have  been  supposed  to 
consist  chiefly  of  inspissated  bile  ;  they  are  granulated, 
irregular,  and  various  in  their  consistence  and  form.  It 
18  to  be  remarked,  however,  that  though  this  kind  of  mat- 
ter, forming  the  basis  of  these,* and  more  or  less  mixed 
with  the  adipocire  in  other  biliary  calculi,  may  be  deriv- 
ed from  inspissation  of  the  bile,  yet  it  must  have  under- 
gone some  farther  change;  for,  as  Dr  Bostock  has  remark- 
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ti,  it  is  nearly  insoluble  both  in  boiling  water  agd  iiit ' 
kohol.   Thenard  has  stated,  iliat  the  biliary  calculi  ia  cb: 
ox  are  always  homogeneous,  and  consist  of  succce^reli 
of  the  yellow  or  albuminous  niutet  of  the  Iwle. 

To  point  out  the  distinctions  among  all  these  ( 
horn  their  mechanical  structuie,  is  foreign  to  itteir  dw 


mical  history. 
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The  fiuid,  secreted  by  the  kidneys,  ift  excrenciuiiiou^ 

or  is  designed  to  convey  from  the  body  niattt-r  which,  '■'■ 
reiainetl,  might  prove  injurious.  It  contains  miit  lijin: 
substances  tliaii  any  other  secrLtion,  miied,  however,  wiu 
Other  aninirtl  principles,  wJiich  give  it  appropriate chai:t- 
ters.  Some  of  these  are  even  peculiar  lo  it  ;  and  Iwoct 
its  chemicd  history  is  of  much  iinpQrt.ince,  and  has  hcu 
the  subject  of  m;tny  laborious  investigations.  To  lif^ 
we  owe  ihe  discovery  of  phosphorus,  which  was  first  d'- 


taiiiod  from  this  fluid  ;  a 

of  the  piinciple  named  U 

graaf  began  the  scicDtific 

Some  facts  were  discovered  by  Rouellc 

covered  the  uric  acid,  and  pointed 


jre  lately,  the  discoTfncs 

id  of  the  Uric  AciJ.  Wj>- 

igatioa  of  it:,  compositv?" 

S.-hetk-  <!>-- 

It  tiie  eiisti'D^c^'i 


'  .loi 


>al  dc  MfJce 


OF  tJUIXE.  507 

ioihe  mher  ptinciples  *.  Crtiickshank  added  a  itamber  of 
Iilipotttflt  facts  on  the  modes  of  analjrsisy  pointed  out  more 
ctealtly  the  pf^hciple^  existing  in  urine,  both  in  a  healthy 
«nd  a  fliorbid  state,  and  distinguished  the  peculiar  animal 
filafter  which  it  contains  f.  The  nature  of  this  princi(»le, 
irid  its  peculiar  characters,  were  more  amply  developed 
by  Foutdmy  tad  Vauquelin ;  and  ^  tery  full  tiew  has  beeti 
given  of  the  chemical  history  of  tttine>  in  two  memoirs  by 
dl0se  chemists  ^. 

The  colour  of  uHne,  when  it  is  newly  discharged,  is 
|lale  yellow :  its  odour  is  peculiar,  but  not  strong  nor  foe- 
tid, sttch  as  it  becomes  when  it  has  stood  for  some  time : 
il8  consistence  and  specific  gravity  are  rather  greater  than 
tlfcfse  of  water :  it  is  transparent,  but  becomes  more  or 
hSBS  turbid  as  it  cools.  These  qualities,  however,  are  al- 
ways liable  to  variation,  according  to  the  length  of  time  it 
hat  remained  in  the  bladder  after  having  been  secreted, 
«id  according  to  the  diet,  the  quantity  of  drink,  and  other 
drcamstances  which  influence  the  secretion.  ' 

Urine,  examined  when  immediately  discharged,  is  in 
^enctal  sensibljr  acid,  and  reddens  the  infusion  of  litmus. 
.Thia  aciditjr,  it  has  been  supposed,  to  owe  principally  to 
die  presence  of  phosphotic  acid,  but,  according  to  The- 
.'Hard,  it  is  acetic  acid)  benzoic  acid  is  often  present; 
mtui  there  is  always  contained  in  it  an  acid  peculiar  to 
asiSne  and  urinary  calculi,  and  hence  named  Lithic  or 
Uric  Acid.     But  in  a  very  short  time,  from  the  sponta- 
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neous  decomposition  of  a  principle  cont<uned  in  ii,  ilui 
named  Urce,  a  quantity  of  ammonia  is  evolved,  which  not 
only  neutralizes  these  aciils,  but  renders  the  urine  alU- 
line.  Previous  to  this,  however,  and  as  the  urine  cooli, 
it  deposites,  unless  it  has  been  in  a  very  dilute  scatet  put 
of  the  uric  acid  which  it  contains,  in  minute  crystals  of  i 
reddish  colour,  and  in  some  states  of  the  system  this  de* 
position  is  even  abundant,  forming  principally  what  it 
named  the  Lateritious  Sediment.  The  deposition  of  chii 
is  soon  interrupted,  from  the  evolution  of  ammonia,  which 
'neutralizes  it ;  urate  of  ammonia  is  deposited  ;  free  phot- 
phone  acid,  if  present,  is  likewise  saturated,  and  the  pTi> 
portion  of  phosphate  of  ammonia  thus  increased  ;  and  the 
neutral  phosphates  of  lime  and  of  magnesia,  which  weB 
retained  in  solution  by  the  free  acid,  are  depodied,  dw 
latter  attracting  a  portion  of  ammonia,  so  as  to  formatri- 
pie  phospliJiL*  of  ammoiii.i  and  nugncsia.  The  benzoic 
acid  passes  to  the  state  of  bijiizoate  of  ammonia  ;  and  ace- 
tic acid,  if  it  is  present,  must  equally  be  neutralized  bj 
ammonia.  As  the  docompositiun  proceeds,  the  ammonii- 
cal  odour  becomes  btnmg,  and  at  length  the  urine  is  high- 
ly alkaline,  from  the  presence  of  carbonate  of  ammonii, 
GO  as  to  thangc  thi;  vegetable  colours  to  a  green,  and  em 
to  effervesce  with  acids.  In  this  state  it  likewise,  arcord- 
ing  Cn  Fourcroy  and  Vauquelin,  contains,  neutralized  bj 
ammonia,  a  porlion  of  ucdic  acid,  derived,  as  well  a  tbt 
ammonia  and  iLe  carboiiie  acid,  from  ihe  di'composiiica 
of  the  urcL'.  If  kopt  until  tJic  whole  of  this  urcc  has  b«ii 
decomposed,  there  may  be  oblalnt-d  from  it,  by  cvjpou- 
:ion,  iis  remaining  salts,  which  arc  principally  phospluf 
lind  muriates,  with  bases  of  ammonia,  soda,  magncsu,  if-^' 
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Erne.  During  the  progress  of  this  spontaneous  decompo- 
sition toO|  a  mucous  or  albuminous  animal  matter  is  de- 
posited in  flocculi,  at  first  very  light  and  of  a  pale  colour, 
•but  becoming  more  dense  and  dark  ;  and  in  somie  states 
of  the  urinei  the  proportion  of  this  is  even  greater  than  of 
saline  matter :  Sometimes  the  ammoniacal  pungency  is 
■less  strongs  or  is  scarcely  apparent,  and  a  mouldiness  or 
acescency  rather  marks  the  decomposition. 

The  acid  contained  in  recent  urine  in  a  free  state,  is 
|irincipally  the  one  denominated  Lithic  or  Uric,  and  which 
though  present  in  very  variable  quantities,  is  contained 
jDore  or  less  in  all  urine.  Even  when  it  is  not  spontane- 
-Ottsly  deposited,  it  may  be  detected  by  its  tests,  particu- 
iariy  by  the  pink  colour  which  it  gives  with  nitric  acid  ; 
it  is  often  made  to  precipitate,  by  concentrating  the  urine 
bjr  evaporation,  or  it  may  be  thrown  down  by  the  addl* 
'  ckm  of  an  acid. 

'Uric  acid  scarcely,  however,  reddens  the  vegetable  co« 
lours,  and  as  litmus  is  fully  reddened  by  recent  urine,  it 
is  evident,  that  some  other  free  acid/ must  be  present.  It 
has  usually  been  supposed  to  be  the  phosphoric,  princi- 
pally from  the  circumstance,  that  phosphate  of  lime  is  pre- 
sent, which  requires  an  excess  of  this  acid  to  retain  it  in 
solution.  But  Thenard  has  maintained  that  it  is  the  ace- 
tic* He  evaporated  urine,  nearly  to  dryness,  employing 
die  beat  of  a  water-bath,  that  he  might  not  decompose 
^Ae  ar^e.  The  residual  matter  being  acid,  he  treated  it 
tepeatedly  with  alkohol,  by  which  the  greater  part,  though 
the  whole  of  the  acid,  was  dissolved.  The  solution 
evaporated,  and  the  thick  matter  being  diluted  with 
Vateff  gave  no  precipitate  on  the  addition  of  lime  water, 
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and  ammanUi  or  at  leaet  onlj  a  very  slight 
ter  the  mixture  was  msde,— -a  proof  that  it  di| 
tain  phosphoric  acid.  On  evaporation  of  the 
dryness,  this  free  acid  was  destroyed  by  calcifUtioa«— i 
proof  of  its  being  an  acid  with  a  compound  base,  and  by 
adding  to  the  solution  of  the  acid  residuum  of  the  fiat 
evaporation,  barytes,  acetate  of  barytes  was  proaini 
Thenard  concludes,  therefore,  that  it  is  acetic  ac»d  wliici 
forms  chiefly  the  free  acid  in  recent  urtue  •.  TheooD> 
elusion,'!  may  remark,  is  not  altogether  certain i  for, at 
the  one  hand,  much  of  the  acetic  acid  obtained  might  h 
Formed  from  decomposition  of  the  ur^,  atul,  on  the  ot^ 
phosphoric  acid,  though  present,  might,  from  the  offiaitj 
esened  towards  it  by  the  allcaline  and  earthy  hanttWt 
be  dissolved  by  the  alkohol,  and  in  Thenard's  tnoitti 
analysis  would  not  appear.  It  ii  no  doubt  possibietho^ 
ever,  tlial  it  m^iy  lie  acetic  acid  which  gives  acidity  to  n- 
cent  urine,  and  which  rijtaios  the  earthy  pbosplutei  An- 
solved. 

A  ponion  of  benzoic  acid  is  also  often  present  in  uriw, 
as  Sclicele  discovered.  Thenard  has  found,  however,  tiia 
it  is  alao  often  wanting,  even  when  the  urine  is  acid,  h 
the  urine  of  children,  as  well  as  that  of  horses  and  co«i 
it  is  often  contained  in  considerable  quantity  ;  in  «bci 
case  the  otlier  acids  exist  in  smaller  proportion,  and  tw 
urijc  appears  also  to  be  di-ficient.  Hence,  by  mere  fa- 
poration  of  the  urine,  and  the  application  of  a  safEcts: 
hent  lo  the  residual  matter,  the  benzoic  acid  is  subliraci 
It  is  also  precipitated  when  muriatic  acid  is  dropped  ;n.*u 
tile  urine,  e¥.iporated  to  the  consistence  of  synip. 
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When  urine  is  exposed  lo  a  genile  heat,  water,  holding 
carbonate  of  ammonia  in  eoludon,  is  evaporated ;  the  pro- 
portion of  which  increases,  at  the  evaporation  proceeds. 
The  liquid  becomes  turbid,  darker  in  its  colour,  and  strong- 
er in  its  odour;  and  a  flocculcnt  matter,  with  a  whitish 
powder,  are  precipitated  :  the  former  being  supposed,  by 
Fonrcroy  and  Vauquelin,  to  be  albumen,  ilie  latter  being 
pbosphate  of  lime  and  uric  acid.  When  reduced  lo  the 
consistence  of  thin  Byrup,  if  put  aeide,  it  pastes  to  the 
state  of  a  confusedly  crystallized  mass.  If  the  liquor  pour- 
ed from  this  be  evaporated,  this  is  repeated  ;  and  in  this 
^nj  several  successive  formations  of  crystals,  irrcgnlv, 
and  of  a  brownish  colour,  take  place,  leaving  at  length  a 
liquor,  deep  coloured  and  of  a  thick  consistence,  in  which 
the  ur6c  exists  in  a  Mate  of  solution. 

The  saline  matter  obtained  from  urine  by  evapora- 
lioQ  has  loni*  been  a  subject  of  chemical  investigation : 
It  was  known  to  the  alchemists,  and  it  engaged  the  atten> 
tion  successively  of  Margiaaf,  Pot,  Rouelle,  and  Scheete. 
It  had  received  the  absurd  name  of  MicrocosmJc  Salt, 
'  and,  from  its  fuMbiliCy,  had  also  been  named  Fusible  .Salt 
f  of  Urine.  It  was  known  to  alford  phosphorKS  bjr  disiil- 
iMion.  Margraaf  recognised  in  it  the  presence  of  muri- 
ate of  soda  and  phosphate  of  ammonia  ;  and  likewise  phos- 
phate of  soda,  without,  however,  being  fully  acquainted 
with  the  nature  of  this  last  salt :  he  observed  loo,  that  it  is 
the  phosphateof  ammonia  alone  which  affords  photiphorus, 
in  the  usual  process  of  obtaining  it  from  urine.  Rouelle 
diitinguished  more  clearly  the  phosphates  of  ammonia 
md  soda>  and  described  the  methoth  of  separating  and 
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purifying  them.     He  aniiouiiced  also  the  presenc«  of  am- 
rlate  of  pot^nsa,  which  had  been  before  confounded  widi 
t\x  muriate  of  soda,  and  which,  it  now  appears,  is  pre- 
sent even  in  larger  quantity  chan  the  gale.      He  suppused, 
that  he  had  likewise  extracted  sulphate  of  soda  ;  but  ai 
this  has  not  been  found  by  other  chemists,  there  is  msoa 
'  to  believe  that  he  bad  been  deceived,  and  had  mistaim 
for  it  the  phosphate  of  soda,  or,  as  Fourcroy  has  observed, 
the  triple  phosphate  of  ammonia  and  magnc&ia.     The  sul- 
phate of  lime,  which  he  aUo  supposed  he  had  discoveml 
in  this  saline  mass,  it  appears  from  the  subsequent  disco- 
very of  Scheele,  is  phosphate  nf  lime.     Fourcroy  mi 
'Vauquelin  have  since  discovered  the  phosphate  of  magiM> 
eia  :  and  Berzelius  has  detected  in  urine  a  stnall  portion «f 
£uaie  of  lime,  derived  probably  by  absorprion  from  iht 
bones,  in  which  he  has  found  this  earthy  salt  to  eiiir. 
These  sails  then,— the  phosphate  of  soda,   the  phosphate 
of  ammonia,  phospliEte  of  nugnesia,  phosphate  ol  lime, 
nmriaic  of  soda,  muriate  of  put.issa,  niuriatt"  of  ammonii, 
and  the  triple  compounds  of  phosphate  of  soda  and  ::d- 
monia,  and  phosphate  of  magnesia  and  ammonia,   wiih  : 
portion  of  uric  acid,  more  or  iess  saturated  with  ammor.ij, 
and  urcp,  compose  the  crystallized  mass  obnincd  bv  the 
evaporation  of  urine.      They  exert,  it  is  to  be  remark 
mutual  afTmiiics,  in  consequence  of  wliich  their  perfc 
icparaiLon  is  difficult,  ami  they  cvl-u  tnodify  tlieir  n-spt 
tive  properties  ;  the  muriate  of  soda,  for  example,  in  cr 
stjllizin^,  takes  the  form  of  an  ociaeJron,  and   not,  - 
vhen  pure,  that  of  a  cube ;  and  the  muriate  of  ammon-- 
insteail  of  appearing  under  its  usual  form  of  a  priitn,  en- 
lallii^es  in  cubes.  'Diese  modificaiions,  according  i<?  V.  -' 


OF  UlllKE.  603 

croy  and  Vauqnelini  are  owing  principally  to  the  action 
of  the  uree  on  the  saline  matter.    It  is  also  to  be  obserr- 
edy  that  all  th^se  salts  do  not  pre-exist  in  the  urine  i  those 
containing  animonia  derive  this  alkali  partly  from  its  for* 
mation  during  the  evaporation- 
It  is  difficult  to  determine  the  proportions  of  these  to 
each  other,  as  they  are  liable  to  considerable  variation 
£rom  the  circumstances  influencing  the  secretion.    Mr 
Cruicksfaanki  in  his  analysis  of  urine^  undertaken  in  the 
i    (DOtirse  of  Pr  RoUo's  investigation  of  the  nature  of  dia- 
t'^  betes,  has  given  the  most  precise  information  on  this 
^'    point,  and  indeed  the  most  valuable  information  we  have 
vith  regard,  to  the  analysis  of  urine  *•     *^  By  evaporation 
•  36  oa.  yield  a  residuum,  varying  from  one  ounce  to  one 
and  a  half  i  this  consists  of  the  muriates  of  pot^h  and 
modZf  the  phosphates  of  soda,  lime,  and  ammonia,  the 
l^osphoric  and  lithic  acids,  with  animal  extractive  mat- 
ter.   Their  relative  proportions  in  a  healthy  state  may  be 
.  nearly  as  follows : 

ox*  dr.  ff. 

Muriatic  salts,                                0  10 

Phosphoric  salts,                             0 .  S  50 
Lithic  acid  and  phosphate  of  lime, 

with  excess  of  acid,                 0  0  25 

Animal  extractive  matter,  (uree),    0  S  40 

**  The  neutral  salts,  when  purified  by  crystallization, 
'  are  generally  very  fusible ;  but  this  circumstance  varies 
'  nivcb,  according  to  the  greater  or  less  proporrion  of  phos* 
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phoiic  salts,  more  panlcularly  llie  phosphiltf  of  3B11 
Ob  which  ih^ir  fusibility  in  ■  gre»t  me^iure 
eiead  of  melting,  tins  saline  matccT  somnimn  decrqiitM 
when  suddenly  heated,  owing  to  an  excess  of  the  tmm- 
atic  salts  ;  of  these  last  it  may  be  observed,  rfurt  the  ii»> 
riue  of  potash  is  in  general  the  most  preralenti  and  b  r> 
tily  distinguished  from  the  muriate  of  sixlai  bjr  iu  cryRil* 
'Sting  in  somt  degree  by  coolijin,  and  b^  its  affur&tg 
.•ream  of  tartar  on  the  addition  of  acid  of  tartar. 

In  recent  urine,  the  amnioniical  talts  bear  a  rery  ttnaO 
I }  but  when  it  has  become  stale  or  putridi  tht^ 
aie  much  more  abundant,  Tiie  phosphate  of  amiBonu  ii 
the  principal,  although  we  hare  likewiee  met  wilh  ^ 
muriate  of  ammonia. 

*'  The  litbic  acid  and  phosphate  of  Uine  afe  geueatf 
deposited,  at  least  in  a  gteat  measure,  after  the  otinefcn 
beccuiK;  cold,  and  sti>oil  for  sumo  tiniL'  :  the  qu.inriij  ^ 
the  first  varies  excecdingiy,  but  that  of  the  last  we  bn 
found,  for  the  most  part,  nearly  the  same,  the  prc-poition 
being  about  one  grain  to  two  ounces. 

"  These  substances  m;iy  be  easily  disiinguishcd,  by  ii- 
solving  them  in  twice  ihcir  weight  of  nitrous  acid,  dilut- 
ed with  a  liiile  water,  :ind  evaporating  to  dryness:  tit 
dry  mass,  wht'n  hot,  will  assume  a  b(;autiful  deep  mec: 
crimson  colour,  when  the  lithic  acid  is  present,  but  »■■ 
continui-  while  if  liented  even  to  redness,  ur  hire  onlfJ 
tiJighlly  gruenibh  linj;e  when  thcie  is  nothing  but  pf^* 
ph;iie  of  lime.  Their  relative  proponions  may  be  tatt- 
mined  by  exposing  the  mixed  mjss  for  some  time  10  J "^ 
lic.it  in  4  crucible  ;  in  which  ta.^e,   llie  liiliic  .tcid  wii*  ■"■ 
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I  out  or  evaporate,  leaving  the  phosphate  ia  s 
pUT«  *tate. 

"  The  quantity  of  extractive  mattri  is  more  variable 
than  that  of  any  other  substance  ;  hysterical,  or  crude 
uriae  (ns  it  has  been  called),  coniainiitg  hardly  any,  vhile 
that  of  concoction  abounds  with  it." 

If  (he  entire  mass  of  urine  be  evapDrare<li  and  the  solid 
matter  be  urged  by  a  strong  h^at,  it  affords  very  fceiid 
carbonate  of  ammonia,  in  Urge  quantity,  with  a  iililc 
pnissiale  of  ammonia,  an  empyreumatic  oil,  gates  com- 
posed principally  of  carbon  stid  hydrogen :  muriate  of  am- 
monia is  also  sublimed  ;  and  towards  the  end  of  the  pro- 
ettt,  if  the  heat  be  raised  liigh,  a  small  quantity  of  phos- 
phorus diuils  over,  produced  by  the  decomposition  of  thd 
phosphotic  acid  in  the  phosphate  of  ammonia.  It  ytus  by 
this  method  that  phosphorus  was  procuied  by  ICiniclwl 
and  Boyle,  Tho  coal  which  remains  at  the  end  of  the 
process  contains  the  salts  which  have  not  been  decoai- 
poi«d, — muriitte  of  soda,  and  phosphates  of  soda  and  lime. 
The  action  of  differrnl  re-agentson  urine  is  instructive, 
iding  at  once  to  a  kuowlcdge  of  a  niunber  of  tJie 
les  which  «xi«  in  it,  some  of  which  could  not 
vise  be  easily  recognised.  Tho  principal  accurst* 
rations  on  the  cfTecis  of  these  are  those  of  Scbrelc, 
Alhank,  Fourcroy,  and  Vauquelin. 
t  greater  number  of  the  acids  in  general  produce 
bte  effect  upon  it  in  the  hralthy  «tate.  The  osa- 
I  only  gives  a  precipitate,  by  combining  with  tht 
i  the  super- phosphate  rf  lime  which  recent  nriDo 
It  it  contain  benzoic  aciti,  tlie  muriatic  acid  is 
.  If  it  he  much  loaded  with  ure«|  ni-  j 


trie  acid  throws  down  a  scaly  precipiiacc  of  a  peariyli 
tre.      And,  in  certain  morbid  states,  as  ia  dropsy,  iheM 
cids  sometimes  occasion  a  milkiness,  or  even  a  coaguUtMB  -' 
of  the  urine,  from  albumen  being  contained  in  it. 

The  fixed  alkalis,  added  to  urine,  throw  down  a  slight 
precipitate,  which  is  phosphate  of  lime,  the  alkali  ratura- 
ling  the  quantity  of  free  acid  by  which  this  was  kept 
dissolved.  About  2  grains,  according  to  Cruickshank,  are 
obtained  from  *  ounces  of  urine.  The  watery  solutions 
of  lime,  barytcS)  and  sirontiies,  produce  still  more  copiooa 
precipitates,  as  the  salts  they  form  with  ihe  phosphoric 
acid,  with  which  they  unite,  ate  insoluble.  The  fixed  al- 
kalis and  lime  disengage  at  the  same  lime  an  ammoniacil 
odour,  by  decomposing  the  phosphate  of  ammonia,  and 
partly,  perhaps,  by  causing  a  formation  of  ammonia  from 
the  etcments  of  the  ur^e. 

The  nitrates  and  muri-.ites  of  barytes,  strontltcs,  nr.i! 
lime,  form  precipitates,  by  decomposing  the  phosphates 
contaiiied  in  urine  ;  and  they  may  conveniently  be  em- 
ployed 10  discover  the  absolute  quantity  of  this  acid,  tlif 
precipit.ite  being  collected,  weighed,  and  dried.  Four 
ounces  of  healthy  urine,  according  to  Cruickshank,  yield 
with  muriate  of  baryies  a  precipitate  of  IS  grains,  con- 
sisting of  phosphate  of  baryies,  produced  by  the  decom- 
position of  tlie  phosphates  of  soda  and  ammonia  ;  a  prcci  ■ 
pitate  of  1 3  grains  indicates  a  quaniiiy  of  these,  or  of  wh.it 
has  been  more  peculiarly  named  Microcosmic  Salt,  equi- 
valent to  25  grains  ;  and,  of  course,  this  test  may  jhew 
the  proportion  of  these  s;ilts  in  ihc  urine.  The  nitrati- 
of  silver,  quicksilver,  and  If. id,  cciaaian  a  copious  precipi- 
tation, the  prccipii.Ui'  ton-i;^ti:ig  jirincipally  of  phosphoric 
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acid,  but  partly  also  of  muriatic  acid,  with  the  metalHc 
oxide.  If  nitrate  or  acetate  of%iead  be  employed,  tlie 
muriate  of  lead,  it  was  remarked  by  Cruicksh^nk,  may  be 
dissolred,  by  boiling  in  1 8  or  20  times  its  weight  of  wa- 
ter, the  phosphate  of  lead  remaining  undissolved,  and  thus, 
by  weighing  the  original  precipitate,  and  the  loss  it  sus- 
tains in  this  operation,  the  quantities  of  phosphoric  and  of 
muriatic  .acids  in  the  urine  may  be  determined.  <<  Four. 
ounces  of  healthy  urine,  treated  in  this  way,  yield  a  pre* 
cipitate  of  31  grains  ;<  this  being  digested  in  distilled  wa- 
ter,  7  grains  were  taken  up,  the  remaining  24  were  found 
to  be  phosphate  of  lead,  equivalent  to  2S  or  24  grains  of 
microcosmic  salt  *.  The  fluate  of  lime  may  be  discover- 
ed«  according  to  Berzeltus,  by  treating  the  precipitate  from 
urine  by  lime  water  with  sulphuric  acid,  vapours  being 
exhaled  which  corrode  glass  f . 

Infusion  of  tannin  almost  always  detects  in  urine  a  lit- 
tle gelatin,  by  the  cloudiness  it  occasions  or  the  precipt^ 
tate  it  throws  down ;  about  4>  grains  are  usually  obtained 
from  4  ounces  of  healthy  urine,  and,  in  certain  morbid 
ftflFections,  especially  where  the  digestive  organs  are  im- 
paired in  their  power,  the  quantity  of  gelatin  discovered 
by  this  test  is  considerable.  Some  chemists  have  suppos- 
ed, that  the  precipitate  tannin  occasions  may  be  owing  to 
the  presence  of  albumen  ;  and  Fburcroy  and  Vanquelin  . 
have  observed,  in  proof  of  this,  and  of  the  presence  of  this 
principle,  that  flakes  are  formed  in  urine  merely  by  heat- 
ing it ;  but,  with  regard  to  this,  there  is  some  obscurity. 


*  Cruickshank's  Observations,  Rollo  on  Diabetes, 
f  Philosophical  Magazine,  vol.  xxviii.  p.  307. 
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fur  no  coagulation  is  produced  in  i:  ettlter  fay  acidt  ocfcj 
alkohai,  which  there  ought  to  be,  did  it  contain  albaars. 
It  has  been  stated,  in  the  preceding  account  of  Ae  xn> 
lysU  of  urine,  that  when  it  is  evaporated,  to  M-ta  uUm 
the  greater  part  of  its  saline  tngTediettts  by  pradpitana 
or  crystaliizatioQ,  theie  lemsins  a  liquid  of  a  darfc  coJow, 
thick  consistence,  and  uncrysialliaable,  haviD|;  the  man 
evident  urinous  properties.     Tbi«  is  principally  a  tolotici 
of  iho  peculiar  animal  principle  contained  tn  artne.     Ot 
tained  by  evaporation,  in  a  state  of  more  or  less  iotcnut- 
ture  with  the  sahne  ingredient;,  it  was  natncdf  fay  d» 
older  cheraisis,  Extract  of  Uriae.  it  had  bera  dfaringuitfc 
fid  more  paiticularly  by  Rouellc,  and  considered  by  hiK 
oven  as  a  distinct  substance  *.      There  may  be  obtainei 
'  from  the  urine)  he  observes,  besides  the  saline  manrr,  t«* 
substances,  one  soapy,  the  other  extractive ;   die  finl  it 
very  soluble-    in   alkohol,   the  second    15    irsoIuWe.     V.; 
soapy  sabsiatice,  (wiiicb  is  evidently  the  uree),  hcde^crbt; 
33  of  3  brown  colour,  a  fictid  odour,  an  unctuous  t«iii>- 
tcnce,  crystailizable  like  a  saline  body,  not  easily  suscfp- 
tibie  of  exsiccation,  attracting  humidity  from  tlie  air,  sul 
giving  by  analysis  more  than  half  its  weight  of  voUtilf  Jl- 
k.ili,  a  little  oil,  and  muriate  of  ammonia,      h  is  evgd^n^. 
observes  Vauqueiin,  that  Roueile,  by  these  character*,  bii 
very  well   distinguished    a  peculi.ir  principle  eiiKinj  "! 
urine. 

His  observations,  however,  were  neglected  by  succfri- 
iiig  chemists  ;   and  the  existence  of  this  principle  raayt* 


f\ 


OF  URINE.  609 

said  to  have  been  re-discovered  by  Croickshank,  who  ob- 
tained it  by  a  peculiar  method,  and  considered  it  under  a 
point  of  view  different  from  that  exhibited  by  Rouelle  *• 
«  If  to  an  ounce/'  says  he,*  "  of  the  extractive  matter  of 
urine,  there  be  added  an  ounce  of  the  concentrated  ni- 
trous acid,  diluted  with  an  equal  quantity  of  water,  a  vio- 
lent effervescence,  accompanied  with  heat,  and  the  disen- 
gagement of  nitrous  gas,  will  take  place ;  when  the  action 
has  ^ceased,  and  the  liquor  become  cold,  a  number  of  shin- 
ing scales,  or  crystals,  re^mbling  the  acid  of  borax,  will 
be  deposited,  which,  when  well  dried  Qp  blotting  paper, 
will  be  found  to  weigh  from  5  to  7  drachmsi  or  some- 
times more,  the  proportion  varying  according  to  the 
quality  of  the  extract,  and  the  method  of  conducting  the 
process, 

'*  The  figure  of  these  scales  appears  to  be  that  of  flat 
rhomboids ;  they  have  a  smooth  greasy  feel  when  pressed 
between  The  fingers ;  are  soluble  in  much  greater  quan- 
tity in  hot,  than  cold  water,  and  also  in  sonie  degree  in 
alkohol ;  although  repeatedly  washed  with  this  fluid,  and 
dried  on  blotting  paper,  they  still  retain  acid  properties, 
and  strongly  redden  the  syrup  of  violets ;  they  are  readily 
taken  up  by  the  sulphuric  and  muriatic  acids  without  com- 
motion }  but,  with  the  nitrous  acid,  they  produce  a  kind 
of  eflFervescence,  and  appear  to  be  in  some  measure  de^ 
composed  y  they  combine  with  the  mild  alkalis  with  eflFer- 
vescence, and  form  very  soluble  neutral  salts,  whose  pro- 
perties  have  not  been  sufficiently  examined.      Their  so- 


*  RoUo  on  Diabetc9|  2d  edit. 
Vol.  IV:  Qq 
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lution  in  water  doos  not  precipitate  lim*-wjter,  nor  (be 
muriates  of  lime  or  barytes,  nor  tht  nitratvi  of  silt«r  w 
mercury,  in  any  sensible  degree,  hot  has  it  nny  effea  spm 
the  [sulphate  of  iron  or  acetate  rf  lead  j  ihry  do  not  llicw 
fore  (.Tiitain  phosphoric  or  osalic  acidi  when  thrown  np- 
vn  ;i  red  hnt  iron,  they  melt  and  evaporate  in  while  smokvt 
leaTing  a  very  small  (quantity  of  a  charry  residuum,  by  n» 
means  difficult  to  incinerate ;  bat  when  exjiotftl  to  » 
intense  heat,  they  bum  with  a  reddish  flame,  and  a  kiirf 
of  dotonation  Eomewhat  eimibr  to  the  nitraieof  ammonia. 
*'  From  these  eKperiments,  it  would  appear,  that  thil 
substance  is  an  animal  acid  hitherto  unknown,  and  wboie 
basis  exiets  in  this  extractive  matter." 

FouTcToy  and  Vauqoelin>  in  a  disjertation  on  the  urine 
of  the  horse  *,  prior  to  the  publication  of  Cruicksfaanl^ 
experiments,  bad  observed,  that  if  to  the  liquor  rcmlta- 
ing  nfter  the  separation,  by  evaporation,  of  ihe  saline  sub- 
sti7,t>ic  iicid  by  muriatic  acid,  there 
,  a  pfpcipit.ition  ensues  of  slender 
i  to  form,  in  a  short  time,  a  conLretc 
[  I(.'ni;th  became  of  a  brown  ccloar. 
iniinatinn  of  its  propLTiir's,  theyccn- 
;  befi're  unknown  to  chemists;  it 
heir  r.ueiition  ;  and,  in  a  £ubse<)Ufn: 
moir  i ,  ihcy  pnve  ;in  iinij'k-  det;iil  of  the  f.icts  ihcy  hji 
revered  wiih  rep^rd  to  it.  Tiiey  [;.ive  tn  it,  from  th." 
retlnn  in  which  it  is  f.;und,  tli^-  n.inie  of  I^kik. 
The  following  is  the  mi-thcd  by  wliich  tho=e  LlirnN-^ 

-    M,i..„;:i.bO,-l'Li.,li!ul.  Nutioiir.I,  lorn.  ii.  p.    II- 
■;     i;    1,  tain.  iif.  p.   lUL'. 
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Urine  18  CTaporated,  by  a  very  gentle  heati  tP  the  con- 
sistence of  thick  syrup.  It  thus  acquires  a  dark  brown 
colour,  and  a  foetid  amrnoniacal  soielL  On  cooling,  it 
concretes  intb  a  confusedly  crystallized  mass^  consisting 
of  a  mixture  of  its  $alts  with  the  urinary  tpatten  To  ob- 
tain tbi9i  ^here  wa$  poured  on  this  ma4^  four  times  its 
weight  of  alkohol,  in  successire  portion^i  heating  them 
gently  r^be  greater  p^rt  is.dissolvedi  and  gires  ^  dark 
brown  colour  to  the  fluid  i  there  remains  undifsoiv^d  a 
saline  matter  nearly  white.  The  i^olu^ipp  certains  the 
ixree :  it  is  distilled  in  a  retort  placed  iu  a  sand  bath  i  the 
alkghpl  pa(5ses  over  fc»tid  and  iflipf 9gn9t^4  wkh  carboa- 
ute  of.  smmpoiaf  and  a  portion  of  animal  matter*  The 
ilssciUatiQa  is  continued  until  the  liquor  is  of  the  coosist- 
emp^  of  vjByrup ;  the  alkohol  is  ibus  dissipstedf  and  the 
BMW9  in  eooUng,  crystallises  under  the  fmn  of  4|uad« 
rangnlar  ^aites,  crossmg  ^s<i^b  otbeft  of  a  brilliant  yeUow- 
ieb  white  colour.  Hya  is  the  Uree.  It  exhales  a  strong 
iniAWS  odour  :  it  has  a  degree  of  tenacity  which  renders 
k  itificult  itp  be  cut  or  detadiod  from  the  vessel  in  whidi 
k  h^s  been  evaporated  :  it  attracts  humidity  from  the  airj 
amd  forms  a  thick  brown  coloured  liquid ;  and  it  dissolves 
xapidly  in  a  very  small  quantity  of  water,  producing, 
during  its  solution^  a  sensible  degree  of  cold  :  it  is  less 
eoluhle  in  alkohol,  but  its  solotion  in  this  fluid,  saturated 
by  being  made  with  the  assistance  of  heatt,  gives,  on  cool- 
ing, crystals  more  readily  than  the  watery  solution  *.    Its 


*  Thenard  affirms,  that  pure  uree  does  not  crystallize  ;  it 
is  poly  when  combbed  with  certain  salts,  which  it  generally  is, 
that  it  fofvns  crystab,  (NichoUon's  Journal,  vol.  sit.  p*  71.) 
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solution  in  water,  when  concentrated,  is  of  a  brown  co- 
lour} which,  by  dilution,  passes  through  the  difttent 
shades  of  orange,  yellow,  and  lemon  colour,  so  u  to  h- 
semble  urine  in  the  various  states  in  which  it  occurs.  And 
they  regard  it,  with  justice,  as  the  principle  in  which  the 
most  characteristic  properties  of  this  animal  fluid  reside. 

Fourcroy  and  Vjuquetin  have  given,  in  their  memoir, 
a  very  detailed- account  of  the  chemical  properties  sod 
relations  of  urce,  from  which  I  give  an  abridged  stateiMBt  I 
of  the  principal  facts. 

Exposed  to  heat  in  a  retort  connected  with  an  appan- 
tus  adapted  to  collect  the  products,  it  melts  quickly,  and 
Tk  vapour  is  disengaged,  which  condenses  in  the  neck  of  iht 
retorrimo  a  crystalline  depoeite,  having  all  the  appearance 
of  benzoic  acid,  which  has  probably  been  contained  tti 
the  uree,  and  derived  from  the  urine.  When  this  has  ceased, 
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ut  merely  the  sah  tinged  brown,  and  of  a 
our.  As  tile  h^-at  is  raisLiI,  this  odour  becomes  nwr.' 
isuj'port.ible.  Thr  mattrr  appears,  at  length,  at  ih..' 
E,:roni  of  the  retort,  in  a  dry  6t.itc,  b!:itl;,  and  coviti'.l 
an  a  white  cntat ;  this  sublimes,  and  is  murijti;  of  am- 
ioni.i.      Ajrer  exposure  for  two  hours  loiiycr  to  the  fir;, 

^.I'liiiij;  r.f  pru-s'.c  ;'iid,  .mil  wiiicli  precinit.iTi's,  will.  lli 
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'  at  lengthy  a  matter,  amounting  to  about  an  hundredth 
part  of  the  ur^e,  white,  acrid,  soluble,  %which  changes  the 
Tegetable  colours  to  a  green,  and  effervesces  with  acids, 
being,  apparently,  carbonate  of  soda. 

in  the  progress  of  this  decomposition,  carburetted  hy* 
drogen  gas,  with  perhaps  a  little  carbonic  acid  and  nitro* 
gen  gases,  are  disengaged.  In  repeating  the  experiment, 
it  was  found,  that  288  parts  of  uree  gave  200  parts  of  car* 
bonate  of  ammonia,  10  parts  of  carburetted  hydrogen  gas, 
7  parts  of  residual  charcoal,  68  parts  of  muriate  of  ann- 
monia,  acid  of  benzoin,  and  muriate  of  soda,  with  quan^ 
titles  too  minute  to  be  estimated  of  oil  and  prussic  acid. 
The  benzoic- acid,  muriate  of  ammonia,  and  muriate  of 
soda,  these  chemists  considered  as  contained  in  the  uree, 
hot  probably  foreign  to  its  composition  j  hence,  from  the 
other  products,  it  follows,  that  this  substance  is  a  com- 
pound of  nitrogen,  hydrogen,  carbon,  and  oxygen ;  and 
the  large  quantity  of  ammonia  which  the  analysis  affords, 
proves,  that,  among  these  principles,  the  nitrogen  is  pre- 
sent in  largest  proportion.  The  proportions  could  not, 
from  this  experiment,  be  fixed,  perhaps,  with  perfect  ac- 
curacy  \  but,  from  the  quantities  of  ammonia,  carbonic 
acid,  carburetted  hydrogen,  water,  and  charcoal  produced, 
compared  with  the  quantity  of  ur^e  decomposed,  they  are 
stated  by  Fourcroy  and  Vauquelin  at  S9.5  oxygen,  32.5 
nitrogen,  H.7  carbon,  and  13.3  hydrogen;  and  admittmg 
a  correction  of  these,  on  account  of  the  portion  of  water 

t 

which  might  be  supposed  to  have  pre-existed  in  the  mat- 
ter, there  is  a  reduction  in  the  proportions  of  oxygen  and 
hydrogen,  and  the  nitrogen  becomes,  not  only  with  regard 


to  the  characters  it  communicates,  but  In  quantity  d 
the  predominating  ingredient. 

So  susceptible  is  this  principle  of  decomposition,  nd   ' 
so  liable  arc  its  principles  to  pBS9  into  those  combinaiiwi 
which  form  ammonia  and  carbonic  acid,  that,  by  (ncrelf   ' 
(liatilling  it  with  water,  it  is  almo&t  entirely  converted  !&■  i 
to  carbonate  of  ammonia.      In  subjecting  to  dittilUlion  I  \ 
solution  of  two  parts  of  uri^e  In  nine  of  water,  the  witft 
passed  over,  charged  with  carbonate  of  nmmot>!a,  tr»ii»- 
parent  and  pure;  the  rexiduat  quantity  became  concrete 
on  cooling,  and  was  of  a  browner  colour,  and  lese  crys- 
tallized.    On  adding  to  this  the  same  quantity  of  wain 
as  before,  and  repeating  the  distillation,  another  solution 
of  carbonate  of  ammonia,  tinged  brown,  wiii  obtained.  A 
third  distillation  gave  a  similar  product,  but  of  a  dr<^ 
colour,  as  if  it  were  oily,  «nd  from  which  a  little  diamibJ 
was  deposited.      After  these  three  operations,  the  ur^t 
had  afforded  more  liian  half  its  weight  of  catbonite  of 
iimmoiiia,  and  yet  its  power  of  yielding  itiis  product  was 
not  exhausted  ;  for  although,  when  diluted  with  a  frrth 
quantity  of  water,  it  gave  iiidiciiiinns  of  the  predomlnanic 
of  acetic  acid,  yet  it  lost  this  acidity  in  four  or  five  days 
exposure  to  a  temperature  of  7T%  and  again  gave  an  am- 
moniacal  water  by  cv.iporation,  deposited  some  cr)-sialsof 
muriate  of  soda,  and  afforded  a  precipitate  of  urce  vr'-A 
nitric  acid.      Thus,  this  principle  is  more  suscepiibli;  cf 
decomposition  than  almost  any  animal  product. 

When  abandoned  to  itself  in  solution  in  water  .it  J  w- 
tural  temperature,  other  affinities  are  exerted  among  i:s      i 
elements,  and  it  passes  into  the  ncotous  fermentation,  1  i"'      i 
liijuor,  in  a  vessel  imperfectly  doiod,  soon  became i-rt.i'      , 
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9  Mum  collected  on  ite  surface,  bubbles  of  air  continued 
to  be  disengitgcil,  and  a  lighted  candle  put  into  the  upper 
pan  of  tlie  vessel  WJf  ettingui^lied.  It  acquired  a  sharp 
acidi|l»us  but  fcettd  odovti  at  tiu  end  of  three  otonths, 
thii  f^Rieniittion  had  ccjied  :  it  was  ther)  subjected  to 
dtstilbtioii,  twicp  (he  w«ight  of  ihc  original  matter,  of  suU 
plipric  afidi  being  aild^'l-  A  product  was  obuin^d,  con- 
tiuning  acetic  and  bcnzuic  acid  :  the  residuum  contained 
Htlpbale  of  RiniTtoDia,  at^d  g^ve  a  prL-cipita'e  of  cturRoal, 
Urrc,  tlier«fore,  the  «leitisnis  of  the  ur£e  had  cocnbiacij 
•p  Re  to  form  ntoie  arctic  acid  and  le«s  carbonic  acid  and 
tn>monia  than  when  h«at  was  applied.  When  a  little  al< 
^qiei)  had  biren  added  to  ihs  solution  of  ^rce,  the  phc^ 
VpRieiu  of  ferfiieniatioif  were  Biill  more  ttrilkingly  ekhibit* 
ediMKl  althiiugh  ^icetic  acid  was  formed,  the  product  of  anu 
^Qn»  was  greatrri  sv  that  die  liquor  was  »en»ibly  atk»]it)c. 
I  Urco,  subjected  lo  the  action  of  acid»,  prcaenit  resitlti 
4itf«rcnt  from  those  exJiibited  bf  any  '?ihiir  animal  priu- 
tiplf,  ^l\d  which  throw  light  on  its  cotuposiiionf 

It*  •«Jtitiaii  in  water,  mixed  with  a  fourth  of  its  weight 
of  swlpliuric  acid  diluted,  gave  noelFervesccnce.  The  iuix« 
t^»t  healed  until  it  boiled  gently,  becanw  covered  with  a 
ijrff  of  v'lf  m.iiiert  bhck,  ai)d  which  became  concrete 
9  jcp«)>l>g-  1'be  liquid  which  had  evaporated  and  heeif 
fifvM'o^  during  thin  action  was  of  a  yellow  coloui :  par- 
^Bi  of  diarcoal  were  ditTuhd  through  it ;  as  odour  vws 
lar  to  that  of  cmpyreumaifc  acetic  acid,  as  iit,u  hot 
■J  Mful.  [l  reddened  litmui,  without  ptecipliating  the 
jgpytic  niti,  and  therefore^  though  acid,  contained  no  fiUt 
acid.  Saturated  with  hmc,  it  alTurded  acetite;^Qd 
uf  Imc  ;  (lie  biMizmc  acid,  according  lo  the  sup? 


pasitton  of  Fourcroy  and  Vau<]uelin>  having  beea  Semi 
from  the  urine.  The  residual  liquor  contained  much  Si^ 
phatc  of  ammonia.  Hence,  in  the  decompoaition  ot  the 
UT^  by  the  sulphuric  acid,  its  elements  had  been  coin- 
blncd  so  as  to  form  principally  an  oil,  acetic  acid,  aoA  Of 
b'Dionia,  a  little  charcoal  being  precipitated. 

'  The  manner  in  which  nitric  acid  acts  on  uree  is  pccafin; 
allbgcthcT  difTerent  from  what  would  be  eip«ctri 

iXiDm  the  Icnown  agency  of  this  acid.  Urtfe  ia  extmari]' 
sceptible  of  decomposition ;  and  nitric  scid  19,  of  iny 
agent,  that  which  acfi  with  most  energy  in  decoraposaj 
vegetable  or  animal  substances;  yet  the  ur^e  is  not  it- 
composed  by  it,  but  rather  enters  into  combination  witli  il. 
The  observation  by  Cruickshank,  that  a  precipitate  of  ^ 
n'mg  scales  or  crystals  is  produced  when  nitric  acid  isatU* 

'  ed  to  urine  concerTtrated  by  evaporation,  has  been  already 
stated  ;  and  Fourcroy  and  Vauquelin  have  found,  thit  r!« 
same  :ippcaraiice  is  produced  more  distinctly  wiih  fu:^ 
uree.  When  nitric  acid  is  added  to  a  strong  solution  of 
it  in  water,  there  is  an  instimt  deposition  of  crystilib^ 
plates,  white,  brilliant,  and  pearly,  which  augment! son;' 
pidly,  that  the  whoie  mixture  nearly  appears  to  be  c:ii- 
verted  into  this  matter.  These  chemists  sought  to  dftn- 
mine  its  nature.  When  heated  gently,  it  softens  and  mslti 
like  oil,  a  brisk  effervescence  takes  pl.ice,  and  it  is  m^^ 
converted  into  nitrate  of  ammonia.  Hi-nce  tliey  rcgjt- 1' 
as  a  compound  of  uree  and  nitric  acid. 

When  the  nitric  acid  is  concentrated,  and  particuuKj 
when  it  is  surcharged  with  nitric  oxide,  and  when  w 
uree  is  in  a  concrete  state,  the  mutual  action  ij  atirtitcJ 
with  a  brisk  eftervesctncej  and  an  evolution  of  bti'-  '-' 


[ 
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Tutrogen,  and  carbonic  acU)  gases  are  disenga- 
ged, and  there  retnaing  a  white  or  yellowUh  concrete  mat- 
ter, with  a  few  drops  of  a  red  liquid  :  if  this  residuum  is 
heated,  it  detonates  and  inflames  in  the  same  manner  as 
nitrate  of  ammonia.  Iri  this  rapid  action,  then,  the  urte 
is  decomposed.  If  the  acid  be  diluted,  and  heat  applied, 
it  Ukewisc  suffers  decomposition,  but  more  slowly,  sothut 
the  progress  of  (he  operation,  and  the  products  arising 
from  it,  can  be  more  accurately  obserred.  Fourcroy  and 
V^uquelin  found,  that  nitrogen  and  carbonic  acid  gases 
were  Srsi  disengaged  in  large  quantity,  then  nitric  oxide, 
mixed  with  catbcmic  acid  :  an  clastic  fluid  similar  to  ac- 
tnosplieric  air,  having  a  sharp  odour  of  prussic  acid,  like- 
wile  appeared,  when  the  disengagement  of  nitrogen  had 
,  ceased,  and  that  of  nitric  oxide  commenced ;  at  the  end 
of  the  second  d^yi  a  gentle  heat  having  been  always  ap> 
plied,  the  matter  having  become  thick,  and  furnishing 
scarcely  any  considerable  rapour,  took  fire,  with  a  violent 
explosion  I  there  remained  in  the  bottom  of  the  vessel  an 
oily  carbonaceous  matter,  which  gave  to  water  with  which 
il  was  lixiviated  an  odour  of  prussic  acid  and  ammonia, 
as  well  as  the  property  of  precipitating  the  solutions  of 
iron  blue.  A  quantity  of  charcoal  remained  after  thclixi- 
viaiion ;  and  there  was  condensed  in  the  receiver  a  yellow 
liquor,  very  acid,  on  which  floated  a  few  oily  particles 
Iiaving  a  pem-iraiing  odour.  A  considerable  loss  attended 
tKe  operation  ;  and  hence  the  proportions  of  the  products 
cuuUt  not  be  determined  so  as  to  give anyccrtain results; 
but,  as  Fourcroy  and  Vauquclin  have  observed,  there  is 
jn  this  decomposition  scarcely  any  sensible  production  of 
that  fat  matter,  of  the  yellow  bitter  principle,  or  of  thp 


oxalic  or  saccho-lact'ic  acid,  which  are  so  genanSj 
products  of  (he  action  of  nitric  acid  oti  animal  matter , 
the  wholi;  cotiaigta  in  the  disengagrment  of  nitrogen,  isd 
the  formation  of  carbonic  acid,  prus&ic  acid,  and  amtao- 
niar—a  result  which  shows  the  predominanca  of  niirageti 
in  the  compoEition  of  uree  i  that,  next  to  it,  caiboa  ii 
contained  in  largest  quimtity,  and  that  the  proportion  of 
hydrogen  is  comparatively  small. 

Muriatic  acid  produces  on  tliis  principle  tCATCtlj  wj 
I  efect,  pTccipkatin^  it  only  from  its  solution  in  alkobol  ii 
brevu  flocculi.     Onymuriatic  acid,  however,  prodocri  a 
U  a  deconipoBitioii  eomewhai  peculiar.     When  tiie  oiy. 
touriatic  acid  gas  is  tranamiited  through  tts  »oJution,  it  M 
l^i»urbed,  the  liquor  becomes  brown,  flocculi  of  tlieuiM 
,KU>ur  appear,  which  soon  become  yellow,  and  adhere  ta 
the  lides  of  the  vessel  like  a  concrete  oil.     Thew  bcc9iH 
paler  in  their  colour,  small  bubbles  of  air  continued  iob< 
rii&engaged  from  them,  even  ioiig  afrer  the  traobuv.ision  ci 
the  oxyniuri;(iic,  jcid  gas  had  ceased  :  this  air  contisiv'l 
uf  about  one-third  of  it  carbonic  acid,  and  two-thirds  in- 
Uogen.     Tlie  liquor,  at  the  end  of  the  ejiperimeni,  con- 
taina  a  large  qu.iutity  uf  muriatic  acid,  with  a  poniw  vl" 
aadecomposed  urce.     It  appears,  therefore,  as  Fouic^'j 
and  Vauquelin  have  given  the  rationale  of  iliis  cperjtiiv, 
that  the  oiymurijiic  acid  had  first  decompcs(.Hl  part  ol  ihe 
UTce,  by  yielding  to  it  oxygen;  thii  it  had  likewise  cx.- 
tinued  to  re-act  on  the  flocculi  produced  from  ihi s de^on:- 
position,  and  to  diseigage  from  them  nitrogen,  iis  oif- 
gen  at  the  same  time  combining  with  carbon;  whiit'  if.' 
muriatic  acid,  into  which  ihi:  o\ymuriaiic  acid  had  ^a^ 
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Vctzinod  in  the  liquor  the  greater  part  of  dw   ' 
urcPi  protecting  it  from  decomposition. 

Urc«  is  perfectly  soluble  in  alkaline  solntioru,  and,  at 
the  same  time,  is  partially  decomposed.  When  ttituraU 
cd  wiih  a  solution  of  potatu,  a  strong  amaioniacal  odour 
is  immediately  exhaled-,  and  as  the  same  eiFect  is  produ- 
ced by  carbonate  of  soda  or  of  potassa,  by  lime,  barytes, 
KkI  evea  by  magnesia,  it  probably  arises  from  tltc  decom- 
position of  muriate  of  ammouia,  mixed  with  the  ur^. 
Bat  bctntrs  thb,  when  thia  principle,  in  its  solid  state,  is 
triluraied  with  potBSsa,  dry  and  in  powder,  an  energecic 
icrion  is  nunifeaied  ;  the  tempcratlire  rises )  there  is  dts- 
engaged  so  large  a  quantity  of  ammonia,  that  U  most  be 
considered  at  formed  by  the  combination  of  its  elements : 
the  colour  deepens,  and  an  oily-Uke  matter  appears  on  the 
surface.  When  heit  is  applied,  even  though  the  mixture 
luts  been  previously  diluted  with  4  or  C  parts  of  water,  the 
decompoMtion  is  rapid,  and  proceeds  to  a  greater  extent  t 
pure  ammoma,  with  a  portion  of  carbonate  of  ammonia, 
ore  disengaged  and  absorbed  by  the  water  in  the  receiver : 
the  leudual  matter,  diluted  with  water,  gave  a  violent  cf> 
fervesceiice  on  the  addition  of  weak  sulphuric  acid  j  iti- 
dicaling,  that  part  of  the  potassa  was  in  the  state  of  cai- 
bonatc:  a  voluminous  Hocculetit  precipitute  was  deposi- 
icd,  having  the  properties  of  a  concrete  oil :  and  ihe  liquor 
bc'.n^  submitted  to  distillation,  afforded  acetic  and  betl- 
zoic  acids.  The  potassa,  therefore,  assisted  by  die  heat* 
had  decomposed  the  urae  in  a  manner  analogous  to  the 
stilphuric  acid,  or  to  that  which  this  principle  suffers  spon- 
cancoBsly  at  a  high  temperature,  the  products  being  near- 
ic  same,— Kmmonia,  carbonic  and  acetic  acids  i  and 


i 
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differenc  ftom  chose  which  this  alk^  usually  producff 
'  when  ii  cau&es  the  decomposition  of  animal  matter,  parti- 
%  Allaily  in  the  small  proportion  of  oily  matter  that  bad  been 
plormed  i  a  diSeience  supposed  to  be  owing  to  the  large 
t-pTOportion  of  nitrogen,  and  smaller  i^uantity  of  hjdrogoi, 
p  in  the  corapositio:!  uf  uree. 

Ut^  has  a  singular  effect  on  some  of  the  neutral  nlti, 

k  —that  of  changing  the  form  of  their  crystals.    It  had  been 

IrlDng  known,  ifaji  if  utire  were  saturated  w^ith  muriate  of 

,  this  salt  was  obtnined  From  it  by  spontaneou*  era- 

rfbration,  not  crystallized  in  iti  usual  fomt  of  cube*,  bui 

'   in  nctacdrons :  and  Fourcroy  and  Vanqueliit  found,  thai 

I  by  the  same  method  mumte  of  ammonia  crystallized,  not 

fin  prisms,  but  io  cubes..    They  further  found,  that  thii 

iogul^r  effect  depends  on  the  action  of  the  utce  ;  since 

'^  it  equally  happens  when  the  salts  ate  dissolved  with  puis 

erystallized  utcs  in  water,  anrf  their  solutions  crystallized 

by  spontaneous  evaporation.     The  crystals   always  retain 

too,  a  brown  colour,  and  when  freed  from  the  uree  which 


thus  appi-ars  to  bo  combined  ii 
sure  to  a  red  htat,  they  agsiu 
in  water,  in  their  usual  form. 

The  solution  of  urcj  in  watt 
metallic  srilts.     Those  of  the  r 


by  sufficient  expo- 
ize  from  a  solutior. 


■,  decomposes  some  of  ihe 
trates  of  silver  and  qm^l- 
silver,  it  predpitaies  wlilte  :  that  of  nitrate  of  lead,  i: 
throws  down  of  a  ycUowisli  brown,  which  may  be  rcJii- 
solve;!,  after  some  time,  in  a  large  quantity  of  waier,  a:nl 
then  appears,  on  ev.iporatiiin,  in  brilliant  silverv  cryst.;!;. 
Tiiimin  changes  a  little  the  colour  of  a  solution  of  uii:.:, 
but  does  not  precipitate  it ;  a  chaiacter  by  which  (hi*  piin- 
clple  is  well  dl,:inj;u;:,l,("d  frLim  iho  albuminous  or  gt  ).::.- 
nous  m^-.ticr  jo  fuiiiitiirlv  :i.-i.reted  with  li. 
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This  principle  being  so  unifiymly  sedreted  in  consider^ 
able  quantity,  and  discharged  from  the  system,  must  be 
subservient  to  some  important  purpose  in  the  animal  eco- 
nomy. Fourcroy  and  Vauquelin,  in  conducting  their  in- 
Testigation  of  it,  advanced  the  theory,  that  it  is  designed 
to  convey  the  redundant  nitrogen  from  the  system,  as  the 
secretion  of  the  bile  discbarges  the  superfluous  hydrogen, 
and  the  changes  in  the  lungs,  by  respiration,  perform  the. 
same  office  with  regard  to  carbon.  There  is  a  degree  of 
obscurity  attending  this  theory,  since  the  difficulty  hitber- 
to  has  been  rather  to  account  for  the  origin  of  the  nitro- 
gen in  the  system  of  animals,  than  to  provide  for  its  dis- 
cbarge. Yet  it  is  no  doubt  true,  that  this  principle  being 
contained  in  so  large.a  proportion  in  uiee,  is  proved  to  be 
uniformly  discharged  in  considerable  quantity  ;  and  this 
perhaps  adds  some  force  to  the  hypothesis,  that  nitrogen, 
by  the  series  of  chemical  actions  connected  with  animali- 
zation,  is  actually  formed  or  evolved,  and  that  in  a  system 
therefore  liable  to  variations  in  its  functions,  we  may  look 
for  a  function  by  which  its  accumulation  will  be  prevent- 
ed. Under  this  point  of  view,  the  theory  may  be  regard- 
ed as  probably  just. 

The  tendency  of  this  principle  to  pass  to  the  state  of 
ammonia,  is  probably  frequently  the  cause  of  morbid 
changes  to  which  the  urine. is  liable  ;  it  may  even  be  the 
cause,  sometimes,  of  the  formation  of  urinary  concretions ; 
for  if  the  excess  of  acid  in  the  urine  be  saturated  by  the 
ptoduction  of  this  alkali,  the  albuminous  or  gelatinous 
matter  which  the  acid  held  in  solution  will  be  separated  ; 
•mod  if  a  partial  deposition  of  phosphate  of  lime  or  mag- 
nesia} of  of  uric  acid,  take  place  at  the  same  time,  as  may 
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happen  from  the  same  cause,  the  nucleus  of  a  calcill(w^ 
may  be  foriueU.  The  cementing  inr.rediciit  in  manycf  J 
these  cukuli)  in  the  greater  number  indeeil,  appears  lobft  1 
this  albuminous  matteri  which  i:>  sep.-inted  from  uriw  J 
whenever  its  acidiiy  is  neutralized  ;  and  it  cannot  but  bcv 
considered  as  probable,  but  that  the  formation  of  suchc^a 
culi  may  depend  on  some  operation  of  this  kind. 

The  predominance  of  nitrogen  in  the  composition  ( 
uree,  it  is  remarked  by  Fourcroy  and  Vaut^uelin,  explanv  V 
very  well  the  great  advant^ige  derived  from  the  intermti- 
Wrc  of  urine  in  the  materials  of  nitre  beds,  in  the  prodoc- 
lioii  of  nitre  ;  the  presence  of  the  vegetable  matter  so  fat 
altering  the  aflinities,  as  to  prevent  or  diminish  the  forma- 
tioa  of  ammonia,  and  cause  part  nt  least  of  its  nitrogen 
to  enter  into  combination  with  oxygen.  And  the  iirge 
product  of  ammonia,  from  the  distilUtion  of  urine,  a  pro* 
cpss  carried  or,  even  in  the  large  wnv,  in  thcminufacture 
of  muriate  of  ammonia,  depends  more,  as  they  have  re- 
marked, on  the  decomposition  of  the  urce,  than  on  tliat  oi 
the  ammonijcal  salts  which  that  fiuid  contains. 

There  stii!  remains  to  be  g^von,  the  chemical  history  ol 
another  substance  always  contained  in  urine,  and  nearly 
peculiar  to  it,  the  Ukic  Agio. 

The  discovery  of  this  acid  we  owe  to  Schcele.  In  ana- 
lysing urinary  calculi,  he  found,  that  all  those  which  he 
5ubniitr('d  to  r.\[ieiimeiit,  consi;.if.l  principally  of  a  sub- 
stance sp.iriiigly  soluble  in  water,  but  which,  hy  boiling  a 
large  (]Uaiitily  of  watc-r  upon  it,  might  be  dissolved,  and 
^Hotded  a  solution  winch  reddened  the  more  delicate  re- 
;:elablc  colours,  :mJ  from  which,  nii  conlini;,  the  greater 
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purt  teparated  in  minute  crystals.  This  he  regarded  as  a 
peculiar  acid :  and  he  added  the  obeervationt  that  it  is  con- 
tained in  all  urine,  and  frequently  in  considerable  quantity^ 
so  as  to  be  deposited  as  the  urine  cools  *.  Bergman  had 
likewise,  in  analysing  urinary  calculi  about  the  same  time 
with  Bcheele,  obserred  rh\s  acid.  It  ixras  made  the  sub- 
ject of  experiment  by  Dr  Pearson  f :  seteral  of  its  proper- 
ties were  pointed  out  by  Fourcmy  and  Vauqueliii :  and 
Dr  Henry  has  added  much  to  our  knowledge  of  thesC)  and 
of  its  various  combination,  and  in  a  dissertation  has  gii^en 
an  excellent  riew  of  its  chemical  history  ^,  from  which  I 
take  principally  the  followkig  fkcts. 

From  being  considered  as  the  basts  of  urinary  cakulus 
or  sione  of  the  bladder,  it  received  the  name  of  Lithic 
Acid ;  a  name  certainly  improper,  not  only  from  the  sole- 
cism which,  as  Dr  Pearson  observed,  k  involves,  but  as 
this  substance  is  not  confined  to  these  concretions^  but  is 
also  contained  in  urine,  while  there  are  urinary  concre- 
tions, in  which  no  sensible  quantity  of  it  can  be  detected. 
Hence  the  appellation  Uric,  which  he  suggested,  is  pre- 
'ferable. 

There  is  a  difficulty  in  procuring  this  acid  pure :  for  as 
dqx>sited  from  the  urine,  or  as  contained  in  urinary  con- 
cretions, it  is  always  in  a  state  either  of  combination  or 
mixture ;  and  it  is  generally  in  these  states  that  it  has 
been  hitherto  examined.  The  process  given  by  Dr  Hen- 
ry is,  to  dissolve  a  calculus,  of  that  kind  which  consists 


•  Cbemical  Essays,  p.  199. 

t  Philosophical  Transactions,  179S,  p.  37« 

X  Dissertatio  Inauguralis,  Edin.  1807. 
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I  thie&j  of  this  acid,  ill  a  solution  of  pure  [Wtusa.     Moiv 

acetic  acid  is  added  to  Uiissolutiun  of  it,  while  Uf 

r  precipitate  of  a  white  colour  is  thrown  down  }  this  prcci- 

I  jiitate  is  to  be  washed  repeatedly  with  lepid  distilled  w> 

ter,  and  in  order  more  completely  to  remove  any  foreipn 

'   acid,  a  few  drops  of  water  of  ammonia  are  addedato  iht 

I  .tracer  with  which  it  Is  iirst  washed  ;    and  if  any  minnK 

jortion  of  albuminous  matter  has  been  precipitated  widi 

:,  which  sometimes  happens,  it  is  separated  by  pottrirg 

i  the  water  in  which  the  flocculi  of  this  are  suspcoddt, 

fr.wliile  the  heavier  uric  acid  is  allowed  to  subside  *. 

Uric  acid  obtained  by  this  process,  is  in  the  form  of  i 
white  powder,  rough  to  the  Couch,  but  which  yields  eaiiiy 
to  the  pressure  of  the  iinger.  It  is  altogether  tasteless. 
It  dissolvesin  1 150  times  its  weight  of  water  at  SI',  or 
in  1720  limes  at  60°  t  i  a  degree  of  solubility  nmdi  iest 
tli.iTi  wha'i  Schecle  had  sUieJ,  owing  to  his  L'xpcrimen: 
having  been  maile  on  it  js  forming  part  of  a  calculus;  in 
which  Elate,  as  Dr  Pearson  has  remarked,  it  is  more  solu- 
ble, no  lioubc  from  its  impurity.  The  solution  in  hot  wa- 
ter on  cooling,  depositcs  pellucid  ciysials,  so  small,  thil 
tlie  form  cannot  be  described.  The  infusion  of  litmus  ii 
reddened  by  this  holution.  Siup  is  decompL.'sed  by  it,  no; 
indeed  by  adding  n  soluliun  of  llic  acid  tu  j  solution  oi 
soap  ln'waii;r,  for  from  this  addiiion  no  turbid  appeirwM 
is  produced  ;  but  by  digL'sting  thf  Kid,  in  powder,  with 
i.ij=p,  .Hid  us  much  w.iler  as  i,;  vcijuired  to  dissolve  it,  the 
nil  is  scpat.Ui'd,  and  a  milky-like  liquor  produceJj.    If 

*  Iloniy,  Dissrituiio  liijugnralu,  p.  I  J- 
I    Imd.  1-.  II. 
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decomposes  the  alkaline  sulphurets,  precipitating  the  8u1« 
phur :  and  it  combines  with  the  alkalis^  earthsy  and  metal- 
lic oxides,  the  alkaline  properties  bemg  neutralized  in  the 
combination.    These  properties^  as  Dr  Henrf  has  justly 
remarked,  are  sufficient  to  class  it  amonp  the  acids.     Dr 
Pearson  infeipred  from  his  experiments,  that  it  did  not  red- 
den the  vegetable  colours,  nor  decompose  soap  :  and  ob- 
serving farther,  that  it  is  tasteless,  scarcely  soluble  in  cold 
wacer^  not  capable  oS  uniting  with  the  alkali  of  carbonate 
of  scxla,  potassa«  or  ammonia,  nor  with  the  linie  of  lime- 
water,  nor  with  oxide  of  mercury;  and  that  its  combina- 
tiea  with  caustic  soda,  resembles  soap  more  than  any  com- 
pound salt  known  to  consist  of  an  acid  and  alkali,  inferred, 
that  it  ought  rather  to  be  regarded  as  an  oxide  than  an  a- 
cid  *.    Some  of  these  properties,  however,  are  not  strict- 
Jy  characteristic  of  acidity  ;  and  with  regard  to  others,  as 
that  of  not  reddening  the  vegetable  colours,  or  decompos- 
ing soap,  the  observation  appears  to  have  been  inaccurate. 
The  acid  powers,  however,  of  this  substance,  are  undoubt- 
edly weak.     It  has  been  long  known,  that  it  is  incapable 
of  disengaging  carbonic  acid  from  the  alkaline  carbonates, 
»ior  i^  it  dissolved  by  them ;  it  acts  with  no  energy  on  the 
metals,  not  does  it  precipitate  any  of  the  earthy  or  metal- 
lic salts. 

The  combinations  of  uric  acid  with  the  alkalis  and  al- 
kaline earths  are  easily  formed,  by  digesting  in  hot  wa- 
ter the  base  with  a  quantity  of  the  aeid,  more  than  suffi- 
cient for  its  saturation,  straining  the  solution,  and  evapo- 
rating it  as  far  as  may  be  necessary  with  a  gentle  heat. 


*  Philosophical  Transactions,  1798,  p.  97* 
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Hr  Henry  h:i?  eTsmined  the  gcnrml  proportiea  of  thrtf  ] 
urates,  ns  Etiu«  obf^incd,  in  a  saic  of  purity,  and  gim 
tlie  fnl!o*iiig  enumeration  of  them.  Th«y  arc  ta«te>eu, 
and,  in  external  appetrancc,  can  scarcely  be  distinguished 
■from  the  acid  itself.  Enposed  to  t^e  ait,  ihcy  undtrgom) 
elinngf,  neither  losing  nor  attracting  water,  'i'hey  are 
Hpnringly  loluble  in  waier.  Urate  of  ammonia,  contrary 
to  what  lias  been  aflitinMl,  19  the  most  soluble,  und,  of  it, 
an  runce  of  tlisiilted  water  at  60  iliMolves  only  2  qi  S 
grains.  The  others,  with  regard  to  solubility,  stjini  in 
the  following  order ;  urate  of  poiassa,  of  eoda,  of  lime,  of 
stronlites,  of  magneeia,  of  ai^il,  and  of  barytes.  tf  lolhc 
solution  of  any  urate,  any  acid,  the  carbonic  and  pruuic 
excepted,  be  added,  the  uric  add  is  precipitated  iu  ihc 
State  of  a  white  powder.  The  alkaline  urates  are  alio  „ 
precipirated  when  the  solution  of  sny  of  ibemia  nnirf  I 
■«'lili  the  sahuion  of  iifiy  r-f  ihc  ciirthy  inuruies,  mrMi, 
(ir  acct.ites.  The  soluiions  of  the  urates  cause  precipi:!- 
lions  in  the  solution';  of  the  metallic  salts,  those  of  gold 
excepted,  the  precip>tate  ccnsisting  of  the  metallic  OJidi-' 
in  combination  with  the  uric  acid.  The  urate  of  iron 
prep:ir«l  in  this  way,  is  of  a  reddish  colour ;  that  of  cop- 
p^'v  a  yel;owish  ijreeni  all  the  others  are  pale. 

Thou.h  till  iicuiral  orares  are  of  sparing  solubilitT, 
tliov  .ir_  nv-re  r^'lul.!.- wih  .in  oxcess  of  base;  hence,  uh:':i 
bcil'-d  iii  s  iu'i<i;i^  ff  flu-  c  b.ises,  or  in  water  with  &..■  i'- 
(!  :>n  rf  r'u-in,  t!  rymc-  d^wlv.M  in  considerable  qu.inlirv 
A-?  oiin.-i-  r,f  scl'irion  cii  pntas^a,  the  spi-iific  j^ravity  1.; 
^^■.l;,]i  i,  1  US.  i!ijs.,!ves  more  than  (SO  gv.inis  of  the  2n.*. 
■j'he  ^«luli-i.^  o!'  l!,oe  .ub  uialcs  are  pTec"iv:.ir-:<l  S'  ' 
■'l.e  ntids  ;  if  .1  weak  jcii  is  employed  iti  the  expfnn'.-.  '■ 
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as  the  pnissic  or  carbontCi  or  if  a  small  quantity  only  be 
added  when  a  stironger  acid  is  used,  the  precipitate  con-^ 
sists  of  the  neutral  urate  \  and  the  pure  uric  acid  is  not 
thrown  down  unless  hf  a  strong  acid  suddenly  added. 

Uric  acid  is  decomposed  by  the  action  of  the  more 
powerful  mineral  acids.  Nitric  acid  presents  with  it  a 
magttlar  result,  which  serves  to  form  the  character  by 
which  this  acid  can  be  most  easily  distinguished.  Scheele 
'obaerred,  that  calculi  composed  of  it,  dissolved  in  this  a- 
cidf  formed  a  liquor  which  stained  the  skin  of  a  deep  red 
colour}  and  this  solutions  if  neutral,  assumed  by  evapora- 
tion a  blood  red  colour,  which,  however,  disappeared  on 
adding  a  single  drop  of  nitrous  acid.  The  same  fact  was 
observed  by  Bergman  in  his  experiments  i  he  found  the 
deep  colour  assumed  whenever  the  liquor  was  evaporated 
ao  far  as  to  contain  little  nitric  acid  ;  and  when  the  evapo- 
ration is  carried  to  dryness,  the  colour  is  a  very  dark  red ; 
it  is  communicated  from  this  dry  mass  to  wafer,  but  is 
destroyed  by  the  acids,  and  by  the  alkalis  **.  Fourcroy 
lias  affirmed,  that  this  property  does  not  belong  to  the 
pure  acid,  but  depends  on  the  presence  of  animal  matter, 
probably  a  little  ur^e ;  but  Dr  Henry  found,  that  it  is  exr 
hibited  by  the  acid  in  its  purest  form.  By  repeatedly 
distilling  nitric  acid  from  the  uric  acid,  the  latter  is  entire- 
ly decomposed  i  nitric  ox^de  gals  is  disengaged,  and  a  por- 
tion of  oxalic  acid,  according  to  Fourcroy,  is  formed.  Dr 
Pearson,  who  has  examined  this  operation,  found,  that 
carbonic  acid  gas,  with  nitrogen  gas,  were  disengag- 
ed during  the  ebullition,  a  strong  smell  of  prussic  acid 


*  Schede'g  Chemical  Essays,  p.  200.  211. 
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arose,  anJ  the  rcsiduitl  f|ut<J  depoeiied  ct7*cjIS)  whicb 
fuuiul  lo  be  niirdie  of  dmoioiita ;  the  nitric  Bci4>  ihcieft 
had,  by  paiiing  w'\(b  oxygeD  to  (tte  orbon  of  the  u 
ci'l,  farmeiJ  carbonic  dciil  i  aii<J  it)(?  hydTogen  jtixi  niti 
of  the  acid  hid  formcit  snimonia>  w>(h  wliiclt  the  i< 
djiit  iiitiii:  acid  had  united  *. 

SuJpliUlic  acid  h«Ated  etrongty  uo  unc  acid  deconi 
it :  sulphurous  acit)  is  evolved,  and  th«re  is  a  charred  It* 
siduum.  Muriatic  acid  has  liiiie  ^SVct  upon  ii ;  but  oxy- 
murialic  acid  gis  acts  on  i{  with  energy,  and  CJUUt  i» 
dccompoeition.  When  the  uric  acid  is  put  iuto  a  bottW 
vith  water,  and  a  etream  of  oxymuriatic  acid  gas  is  mot- 
tniited  through  the  W4ieT|  afier  some  houis,  a  pcifEct  to- 
lutiun  is  obtaiiied.  On  adding  to  a  pottioii  of  tbit  a  lit- 
tle liniCi  anaiaonia  is  disengaged,  and,  by  evaporilion  9f  tfafi 
other  ponion«  munMe  of  wonnoiiia  ia  cbt«tn«^  |n 
[hf  re  fori-',  ss  in  tht  lU'cumposilion  by  llie  nitric  acid,  the 
catb^ii  ot  tiie  urii:  jci.l  had  bi.-pn  abs:i acicd  by  the  oxygen 
of  [lie  (letunijiosi:ig  .KiJ,  ddii  i[s  liydrDgeu  and  nijrogeii 
hjtl  ci.iiibiiu.i  and  funii'jd  jnimonia,  Ti  e  dei;ompo?ilio:i, 
howLVtr,  as  dcicribtd  by  Vourcroy,  gives  resulti  mori; 
cuiii|.i.i  .I'.ed  ;  no;  Hilly  amriik  Ilia  and  caibonic  ak:id,  but 
hktwisi.'  ni.iHc  ami  o^alit  acids,  being  formed. 

Uric  ;ic  ■(  IS  dtcoTipi)3i;d  by  heat ;  t!ie  products  ol  the 
ilcciiin^u-iiicn,  ai  afTuTHLd  by  the  ncid  eiisung  in  thoie 
uvir..iy  tjli'ui.  whii-Ii  .\T'-.-  piiiiLip-illy  composed  ol  li,  Imvo 
b  Lii  -  ;■■..;.  cx,ii..i;.v.i  ,.y  i.!i^:nii:^,  pi.nicuLrly  by  .Sxl..-elf. 
ll.^,^;::-,  .v.,-,..-.,  :\'-rSvn,  ard  I  curcroy.  Thoy  arc  uv.- 
XI,  <.^vj,.-.-..,t.-  ui'  ....i.-noma,  ca:b^ni^  .ad  ar.d  orburL::..i 
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hydrogen  gUseS)  prugsic  acid,  and  a  matter  which  eublimes 
and  cotidenses  in  a  concrete  form.  The  proportion  of 
water  is  rniall  i  very  little  oil  is  formed;  the  proportion  of 
prussic  acid  appears,  from  Austin*^  cxperimentSi  to  be  rery 
considerable  * ;  and  there  remains  a  constdefable  quantity 
of  charcoal,  which,  when  burnt,  affords  little  saline  mat* 
ter.  FrMii  the^e  products,  as  well  as  from  those  afford- 
ed by  ks  decomposition  by  the  acids,  uric* acid  maybe  in- 
ferred to  be  a  compound  of  Carbon,  hydrogen,  nitrogen, 
and  oxygen. 

The  sublimed  matter  obtained  in  this  decomposition 
has  always  attracted  the  attention  ^f  chemists,  since  it  was 
observed  by  Scheele.  He  found,  that  though  at  first 
brownish,  it  became  white  by  a  new  sublimation  :  it  had 
no  smell,  but  a  sourish  taste,  and  was  easily  soluble  in 
boiliAg  water }  it  is  also  soluble,  though  more  sparingly, 
in  alkohol :  its  solution  does  not  precipitate  lime-water. 
¥tt>m  these  properties,  he  observed,  it  seemed  to  agree  in 
90ttie  respects  with  Succinic  acid,  while,  at  the  sarne  time^ 
he  appears  to  have  supposed,  that  it  entered  into  thecomr 
position  of  the  calculus' ;  urinary  calculus,  he  says^  **  be- 
ing  neither  calcareous  nor  gypseous,  but  consisting  of  an 
dily,  dry,  volatile  acid,  united  with  some  gelatinous  mat- 
ter f  .^  Heiice,  some  chemists  regarded  this  sublimate  as 
the  pure  lithic  acid.  It  is  obviously  different  from  the 
uric  acid  which  exists  in  calculi,  and  which  is  obtuined 
from  them  by  solution  in  an  alkali  and  preci(Mtation  by  an 
Opcid  \  particularly  in  its  sour  taste,  its  greater  solubility 


*  Treatite  on  Stone  in  the  Bladder,  p.  104. 
f  Ciiemical  Essays,  p.  204^ 
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in  water,  and  ils  being  capable  of  being  volatilized  bf  1^1 
moderate  heat  without  decomposition.   Neither  is  it  acte^ 
Dii  in  the  same  manneT  by  acids,  and,  in  particular,  it  don 
not  gi»e  a  red  colour  with  nitric  acid. 

Experinscnts  were  made  on  this  substance  by  Dr  Aus^    . 
tin.     He  found,  that  it  was  decomposed  by  heat,  affording^ 
ammonia,  prussic  acid,  and  nitrogen  gas :  a  portion  altlt  ^ 
sublimed,  which,  when  again  submitted  to  the  same  ex- 
periment, g;\ve  the  same  products,  and  this  apparently 
without  limitation,  until  its  decomposition  was  complete- 
Acted  on  by  nitiic  acid,  carbonic  acid  and  nitrogen  gases 
wcTc  disengaged ;  and  the  residual  matter,  urged  w'uh  a 
strong  lire.  Still  gave  ammonia  and  prussic  acid  *. 

Some  years  afterwards,  it  was  examined  by  Dr  Pear- 
son. He  found  that  it  reddened  litmus,  though  its  tastci  ^ 
Instead  of  being  sour,  was  only  sharp  and  bitter :  tea'  % 
;raiiis  of  it  being  dissolved  in  four  ounces  of  boiling  wa- 
cr,  tliL5  solution,  by  evaporation  to  half  an  ounce,  gave  a 
opious  deposite  of  white  spicula  ;  it  was  not  soluble  by 
boiling  cither  in  muriatic  or  nitric  acid,  and  with  the  lit- 
,  it  left  rod-coloured  matter,  on  the  acid  being  ev,;por- 
■d  from  it.  Sulphuric  acid  dissolved  it,  with  the  .issist- 
ance  of  heat,  and  afforded  a  solution  from  which  nothing 
was  precipitated  by  pure  soda.  Obtained  from  anoihtt 
urinary  concretion,  it  dissolved  in  muri.iiic  acid,  ;ind  re- 
mained, after  evaporation  of  tlie  acid,  in  the  same  state  ,is 
before.  It  was  also  dissolved,  by  boiling,  by  a  soUiiicn 
of  carbonate  of  soda,  as  well  as  by  pure  soda.  llnd.T  iho 
flame  of  the  blowpipe,  this  sublimed  mailer  melted,  .i:  ■' 
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then  evaporated  vithout  any  smell,  leaving  a  slight  black 
mark  *.  From  the  properties  of  this  substante,  Dr  Pear- 
son ob^rfesi  that  it  appears  to  be  anak>gou8  to  benzoic 
acid  ^  but  the  analog]r  is  evidently  very  imperfect. 

Lastly*  some  observations  havje  been  made  with  regard 
to  it  by  Dr  Henry,  which  throw  some  light  on  its  nature. 
He  found  it  to  be  of  a  yellow  colour :  it  impressed  on  the 
tongue  a  bitter  taste,  with  a  sense  of  coolness,  but  without 
acrimony.  Its  odour  is  empyreumatic  :  it  is  quickly  dis- 
solved by  water  at  any  temperature,  and  also,  though  more» 
sparingly,  by  alkohol.  It  unites  easily  with  the  pure  aU 
kalis,  and  from  these  solutions  is  not  precipitated  by  acids. 
It  is  volatile,  and  by  repeated  sublimation  becomes  rather 
whiter.  Its  watery  solution  reddens  infusion  of  litmus  i 
but  its  acid  power  is  so  weak,  that  a  drop  or  two  of  Am- 
monia prevents  this;  nor  does  it  effervesce  with  the  al- 
kaline carbonates.  Its  watery  solution,  by  evaporation, 
affords  crystals,  the  form  of  which  cannot  be  defined,  from 
a  portion  of , oily  matter  adhering  to  them,  from  which 
they  can  scarcely  be  freed.  These  crystals,  exposed  to 
the  air,  suffer  no  change.  Pure  potassa  being  added  to 
them,  vapours  of  ammonia  exhale.  Heated  with  nitric 
acid,  they  give  no  red-coloured  matter*  Their  solution 
does  not  cause  any  precipitation  from  the  earthy  salts,  as 
the  solutions  of  th^  urates  do;  neither  does  k decompose 
the  salts  of  copper,  iron,  gold,  platiaa,  or  tin  :  from  the 
nitrates  of  silver  and  of  quicksilver,  and  from  the  acetate 
of  lead,  it  throws  down  white  precipitates,  which  are  agaii| 


•  Philoiiophical  Transactions,  1798,  p.  3^. 
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dttsolvtd  by  nitric  acid.  Thc^seexpCT!mrat«{)R>*V|isDr 
Henry  Kas  obserrcd,  that  the  acid  existing  in  thit  nblt- 
niAtc  ia  neither  uric,  succinic,  nor  benztMC  sctd  i  and  it 
uppviTS  to  be  dilTeTent  from  any  known  acid  *.  It  iscoa* 
nincd  in  the  sublimed  matter  combined  vrith  amaKHui; 
from  iho  pioHucti  oi  its  decomposition*  it  app»n  to  be 
composed  of  the  same  elements  as  uric  acid  \  and  it  i*  pn^ 
b;ibly  formed  from  new  combinations  of  these  elemenisii, 
the  process  by  which  it  is  obtained. 


From  tite  preceding  history  of  urine*  it  appears  thatil 
position  is  very  complicated  ^  it  contains  a  numl 
and  tlicse  are  often  diversified.  In  the 
its  analysis  by  Fourcroy  and  Vauquelin,  dena 
enumerated  as  constantly  present  tn  it, 
though  vari;)ble  in  their  proportions, — mttriale  of  sods, 
muriate  of  polassa,  and  muriate  of  ammonia  ;  super-phos- 
phate of  lime,  phosphate  of  magnesia,  phosphate  of  sodi, 
and  phosph.iic  of  ammonia;  uric  acid  and  benzoic  acidi 
a  gelatinous  or  albuminous  matter  ;  and  ur^e.  Other 
principles  that  have  been  announced  as  existing  ii 
problematical,  except  in  so  far  as  they  are  the  results  of 
morbid  secretion,  or  of  the  decomposition  to  which  it  < 
spontaneously  liable.  By  this  decomposition,  various  «• 
products  are  formed  ;  acetic  and  carbonic  acids  are  in  p^- 
ticular  produced,  and  the  proportion  of  ammonia  is  mi- 
mented  }  and  by  these  the  existing  combinaiions  in  i 
urine  arc  much  modified  :  Instead  of  free  utic  anJ  m- 
zoic  acids,  it  contains  urate  and  benzoate  of  ammc:!-' 

DissiTUtio  luauguralis,  p.  'iU. 


1 


OF  ufiic  ACID.  633 

die  excesi  of  phofipboric  or  of  acetic  acid  is  saturated  \ 
and  triple  compottads  of  pbosphoric  acidy^  ammonia^  and 
aaa^ne^a,  and  phosphoric  acid)  ammonia,  and  soda*  are 
cstabUslKd ;  and  acetate  and  carbonate  of  ammonia  are 
fonned. 

There  can  be  no  doubt,  too,  but  that  the  composition 
of  this  fluid  is  singularly  dirersifi^d  by  morbid  states  of* 
the  system.    This,  though  long  a  subject  of  attention  to 
physicians,  has,  however,  been  so  rather  empirically ;  and 
hence  our  knowledge  with  regard  to  it  is  little  advanced. 
The  researches  a  few  years  ago  of  RoUo  and  Cruicksbank 
threw  considerable  light  on  it }  and  several  facts  have  been 
added  by  other  physiologists.    In  the  disease  named  Dta« 
betes,  saccharine  matter  is  secreted  by  the  kidneys,  and 
often  in  very  large  quantity ;  and  from  the  experiments  of 
Cruicksbank,  it  appears,  that  it  is  possessed  of  all  the  pro* 
perties  of  vegetable  sugar,  while  the  proportions  both  of 
the  saline  ingredients  and  of  the  ur^  are  much  diminish* 
ed.    In  dropsy,  albumen  is  often  contained  in  it  in  such  a 
quantityi  that  it  bears  a  resemblance  to  the  serum  of  the 
blood,  and  is  coagulated  by  acids  and  by  heat.    In  the 
dropsy,  however,  from  diseased  liver,  it  does  not  coagu« 
late,  but  deposites  a  considerable  quantity  of  a  pink* 
coloured  sediment,  which  Cruicksbank  found,  on  examin* 
atiou,  to  consist  of  phosphate  of  lime,  some  animal  mat- 
ter, to  which  its  red  colour  was  probably  owingi  and  a 
little  uric  acid.  In  fever,  particularly  at  the  crisis  or  abate- 
ment of  the  disease,  a  lateritious  sediment  is  deposited  in 
general  very  copiousty,  and  the  nitrous  acid,  when  added 
before  the  deposition  takes  place,  gives  a  deep  red  tinge. 
In  gout,  the  termination  of  the  paroxysm  is  indicated  by 


a  deposition  of  a  similaT  sediment.  Tliis  sediment, 
Mr  Cruickshaiik,  from  whom  these  facts  are  taken,  n 
have  generally  found  to  be  composed  of  lithic  add,  pho^ 
phatc  of  lime,  and  some  peculiar  animal  matter,  but  little 
Boluble  in  water  ■,  and  uf  ihese,  the  ncid  generally  cociMi* 
lutes  by  fu  the  smallest  part  ■.?  In  those  spasmodic  af- 
fections thjt  attend  some  nervous  diseases,  the  urine  u 
generally  transparent,  aboundii^g  in  saline,  and  having 
scarcely  any  extractive  matter;  and  simibr  appearances 
have  been  observed  1p  precede  delirium  in  fever.  This 
state  is  discoweied,  by  ilie  infueion  of  oak  batk  giriag 
ECarcely  any  prccipir^te  wild  the  urine,  while  acetate  of 
lead  produces  a  copious  one.  Ac  the  commencement  of 
the  paroxysm  of  gout,  the  urine,  according  to  Beriiiollet, 
has  a  less  proportion  of  acid  than  usual,  while,  towards 
tnt«raiiaation,  it  is  ev«o  iacreued.  In  rioketii  acconS* 
ine  to  Bonhomme,  the  urine  is  loaded  with  a  large  pro- 
portion of  phosphjtc  of  lime,  derived,  probably,  by  absorp- 
tion from  the  bones.  In  oiher  diseases,  the  urine  exhi- 
bits otiker  appearances  ;  sometimes  it  is  viscid,  sometimes 
white  aiid  milky  ;  sometimes,  again,  of  a  dark  colour,  and 
extremely  fictid.  These,  and  other  states  in  which  it  oc- 
curs, have  not  hitherto  been  accurately  chemically  exam:- 

•  Prniiit  liati  affiimuii,  that  this  sediment  consists  chi,'riy  or 
a  p-,cuUi.r  acid,  whieh,  fvjm  its  colour,  he  has  ii^mtd  R.../^c.^ 
AciJ,  and  wlncl-.  h^  i-Mi,  is  di,tiiHiLiislK'd  fr.vi,  urj^-  ac'd  hy 
n<  jjroatcr  solubility  in  hot  ^latir,  by  not  crj'stallizi'-.g  so  f:i-i. 
Iv,  and  hy  ^ivliij;  a  violet  procipit^ue  with  nnmati"  of  poM  •. 
W.  Ikivc  no  further  information  wit'i  r.garj  to  ii.and  it  th  ro- 


OF  URIC  ACID.  635 

nedf  though  undoubtedly,  in  a  medical  point  of  view,  they 
must  afford  important  results. 

It  appears,  too,  that  in  different  animals  the  urine  ra- 
ries  con8iderab^Jr•  In  that  of  gramenivorous  animalsj  the 
uric  acid  is  wanting,  while  the  benzoic. is  generally  pre- 
sent in  large  proportion.  ;  Rouelle  had  examined  that  of 
die  horse  ;  he  found  it  to  afford  no  phosphorus  :  it  con- 
tained sulphate  and  muriate  of  potassa,  carbonate  and  suL- 
phate  of  lime,  with  the  isaponaceous  extract,  or  ur^e,  and 
a  matter  which  rendered  it  viscid  :  and  these  results  have 
been,  in  general,  confirmed  by  the  analysis  of  it,  by  Four- 
croy  and  Vauquelin  |  its  ingredients,  as  determined  by  this 
analysis,  being  carbonates  of  lime  and  soda,  muriates  of 
potassa  and  soda,  benzoate  of  soda,  and  unto.  That  of 
the  cow,  according  to  Rouelle's  analysis  of  it,  gives  re- 
sults nearly  the  same,  all  its  salts  having  a  base  of  potassa. 
That  of  the  camel  he  found  to  contain  carbonate,  sulphate, 
and  muriate  of  potassa,  with  ur^e. 


The  Concretions  which  sometimes  form  in  the  kidneys 
OT  bladder,  being  derived  from  the  urine,  fall  properly  to 
be  considered  under  its  chemical  history.  -  The  investi- 
gation of  their  nature  and  properties  is  of  much  impor- 
tance, at  least  in  a  medical  point  of  view,  as  they  give  rise 
to  one  of  the  most  painful  diseases  to  which  man  is  sub- 
ject, and  it  is  only  by  chemical  researches  that  we  can 
hope  to  discover  the  cause  of  their  production,  and  of 
course  the  means  by  which  this  may  be  counteracted,  or 
even  by  which,  when  they  have  been  formed,  they  may  be 
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distolvcd.     We  hat«  now,  therefore,  to  di'lim  HxAr- 
mic»l  history  of  Urinary  Calculi. 


^f&i 


Though  ihtte  concretions  had  long  be^n  anendcd  toh 
ic  clifmiflis,  nothing  in  reality  wm  knovn  with  wpti 
10  them,  pnivious  to  the  diacovery  of  the  uiic  acid  In 
Scherie.  From  this  dUcofery,  it  appeared  to  form  ibe 
baM)  of  these  COiicreiions,  and  from  lh;it  time  the  bior- 
Icdgc  of  this  Uci  regubtpd  all  the  inv«$iigarions  on  dai 
aubject.  Bergman  confirmed  the  discovery  of  Seh*el(- 
£icperinicnis  continued  to  be  repeated  and  diveFsifinl  on 
ihe&c  concretions,  and  on  their  solvenn :  it  w^i  dUccm' 
ed,  that  there  exisied  Others  besides  those  compowdct 
utic  acid  ;  and  within  the^e  few  years,  our  Icnowledgilf 
them  has  been  much  extended,  by  the  researches  of  PcM- 
too,  WolUston,  and  Fourcroyand  Vaaquelin.  DrWck 
laston,  in  particular,  detcimined  thecomposiiion  of  utt-rt 
three  species  ot  these  concretions,  besides  that  composeJ 
principally  of  the  uric  jcid  ;  and  in  the  analysis  by  wbici 
these  important  distinciions  wero  established,  discaviteJ 
the  exiite;icc  of  vaiious  principles  in  urinary  Cilcu: , 
which  it  had  not  been  beton;  known  that  they  cor.taianl ' 
And  Fourcroy  and  V.iuq^iclin,  by  an  extensive  ser«  f^ 
experiments,  established  similar  rcsuUs  t,    and  hawdt- 


•  Piiilusophlcdl  Transattii.Lis,  1797. 

t    )    MrmoirfBdel'lnatitul.  Naiioiial.  tom.  ii- p.  Hi 

L   AiiiialL's  du  Museum  N^ti^nal.  turn.  i.  p.  <jj. 

It  is  lul  jiijlict  tu  r.n.Tiik.  diJ[  Di-  W  «llj,loii'.  di,scrt»l~« 

r-iv  ll-e  ni,-mrir  uf  V,  ur.-,.,s  ji.d  \  ,u^^-]\„  «...  ,«!;  b-  - 


ahhoi 
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SCTihed)  with  considerahle^minuteness,  the  diveraified  ap- 
pe^irances  these  concretions  present^  either  from  chemical 
composition  or  mechanical  structure.  The  result  of  all 
these  researches  is»  that  the  following  substances  enter  in- 
to the  composition  of  urinary  calculi :  uric  acid,  urate  of 
ammonia,  phosphate  of  lime»  phosphate  of  ammonia  and 
liiagnesia,  oxalate  of  lime,,  silez,  and  animal  albumen» 
these  pr'mciples  being  more  or  less  common,  and  in  great*- 
cv  or  less  proportion,  giving  rise  to  numerous  varieties. 
Hence  there  b  considerabke  difficuhy  in  adopting  an  ar-> 
fangement  with  regard  to  them,  and  this  requires  some 
^teerrattons,  before  proceeding  to  their  individual  histoff. 

The  calculi  which  were  first  properly  analysedf  ^re 
thoee  composed  principally  of  uri<;.9cid.  They  are  gene« 
Bally  of  a  brown  or  yellowish  colour,  smooth  on  the  sur« 
facet  and  with  a  texture  compact  or  radiated ;  they  are 
pfvrfectJy  soluble  in  alkaline  solutions,  and  give  a  red  co- 
tour  when  treated  w^ith  nitric  acid* 

A  calculus  had  been  observed,  different  in  its  proper- 
ties from  the  former,  particularly  in  fusing  before  the  blow- 
pipe, into  an  opaque  white  glass,  instead  of  being  deconv* 
p«Med.  This  Dr  WoUaston  found  to  be  composed  prin- 
cipally of  phosphate  of  magnesia  and  ammonia. 

Another  bad  been  distinguished  by  surgeons  by  the 
name  of  the  Mulberry  Calculus,  from  its  dark  colour  and 
inregularly  knotted  surface,  bearing  some  resemblance  to 


of  Pearson,  published  in  the  Phiiosophiciil  Transactions  the 
•^ar  after  WoUaston's,  are  referred  to  in  that  (ne^noir,  no  oo- 
ts  taken  of  tho^e  of  the  latter  chcmibt  ;  yet  they  anticipate 

irly  every  thing  which  ihc  French  chemists  have  announced, 

their  own  discoveries,  on  this  bub'M  ct. 
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that  fruit]  and  it  had  been  observed,  that  this  wu  liidt 
afFected  by  an  aJkaihie  solution.  Dr  Wotlaston  fgund  k 
to  contiisi  of  oxalate  and  phosphate  of  lime. 

He  lastly  dUcovered  one  consisting  entirety  of  pIiol< 
phate  of  iitne,  of  a  pale  brown  colour,  so  smooth  as  to  Zp* 
pear  polished,  and  in  its  testure  very  regularly  laminaird 
or  composed  of  concentric  crusts,  and  soluble,  though 
slowly,  in  nitric  or  muriatic  acid. 

These  form  four  species,  under  which  Dr  Wolhsion 
has  arranged  urinary  calculi :  1st,  The  uric  acid  conctt- 
tion  :  2d,  The  fusible  calculus  or  phosphate  of  ammonia 
and  magnesia  :  3d,  The  mulberry  calculus,  or  oxalate  ant) 
phosphate  of  lime  ;  and,  4th,  What  he  named  the  DoiK 
Earth  Cakulus,  as  composed  of  phosphate  of  lifne, 
forma  the  basis  of  bone. 
.  ,  The  arrangement  of  urinary  concretions  by  Fourcrof 
and  Vauquelin,  is  more  minute  and  complicated.  Thev 
observf,  tli.it  in  all  of  them  tliere  exists  a  quantity  of  ani- 
mal matter  which  appears  to  connect  their  particles;  but, 
independent  of  this,  they  may  be  atianged  under  three 
classes;  the  first  consisting  of  calculi  formed  of  a  single 
substance  ;  the  secuml  composed  of  two  substances  ;  ami 
the  third  containing  more  than  two  substances,  frequent- 
ly fuur.  Under  these  three  cl.isses  might  bo  pl.iced,  it  is 
evident,  numerous  comhinitiors  ;  but,  confining  thorn- 
<e!ics  to  tho^e  wliicli  tlicy  h:id  observt-il,  they  have  form- 
ed twilve  S]H'ciei  ;  liiree  bt.'iiii:j;lng  to  the  firit  division, 
.slvcii  Ui  the  seooiut,  -.nul  two  to  ilie  ililr,!, 

Thcfnilouini:T,>!,I.Tr'.:..r>t^   ..   vuwoi    thi.   arraiige- 
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It  is  sufficiently  evident,  tbat  this  tirangement  is  not 
atrictly  chemipaT,  since  a  number  of  the  species  are  found* 
ed,  not  on  difierencea  in  compoiition,  but  on  tlifTerences 
in  mechanical  strncture.  And  if  the  classification  of  cal- 
culi were  to  be  established  on  this  principle,  there  is  eve- 
ty  probability  that  the  species  would  be  more  numerous 
than  thoac  Fourcroy  and  Vauquelin  have  established ;  for 
varieties  in  structure,  or  in  the  layers  of  which  the  con- 
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cretion  conaUts,  must  often  aii^t;  from  slight  causes; and 
even  unii«r  a  practical  point  of  view,  the  uliliry  of  miamc 
dUtiactions  from  this  source  must  bf  doubtful. 

The  classification  of  Wollaston  is  more  precise,  ihough, 
perhaps,  it  is  rather  too  simple.  Tfet,  the  four  species 
whicli  he  has  enumerated,  are  sulliciently  well  defined, 
and  appear  to  be  those  of  most  common  occurrence.  If 
any  addition  can  be  made  to  them,  in  the  present  state  of 
our  knowledge,  it  is  that  of  the  urate  of  ammonia,  it- 
scribed  by  the  French  chemists,'  though,  with  regard  to  it, 
there  is  some  doubt.  Under  these  may  be  placed  iliose 
calculi  in  which  these  ingredients  are  intimately  combined, 
classing  ihcm  according  to  the  predominating  ingredieni, 
as  well  as  the  mechanical  aggregates  of  these  species,  at 
least  those  of  tbem  which,  from  their  frequent  occurrence, 
seeoi  to  demand  some  uodce. 

Specif!  1.  Uric  Acid  Calculus.  Cilcull  of  this  kind 
are  usu.illy  in  line  and  close  layers,  fibrous  or  radiated, 
smooth  on  the  surface,  though  sometimes  a  little  rough, 
of  a  yellowish  or  brown  colour,  similar  to  that  of  wood, 
of  various  sliades  ;  their  form  is  spheroidal,  compressed, 
or  elongated  j  their  size  very  various.  They  are  raih?r 
brittle,  and  have  a  specific  gravity,  varying  from  ].'J7(iIo 
1.786,  but  usually  above  1.500.  They  blacken  without 
melting  on  burning  fueU  ex!iale  an  oilonr  similar  to  thrii 
of  bone  burning,  and  give,  by  distillation,  ammonia  and 
ptussic  acid.  Tliey  are  insoluble  in  cold  water,  but  whe» 
in  powder,  and  the  water  is  at  t!ie  tempcratuie  of  'il3'\ 
a  perfect  solution  Is  obtained,  and  small  crystals  are  de- 
pti.itfd  (,n  codling.  They  .ire  soluble  in  the  cold  in  a  set. 
luiLi)  of  puru  po:,iiS.i  or  soil.i,  ar.d  frcm  ihj  solution  i 
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prec^tate  of  a  fine  white  powder  is  thrown  down  by  the 
acids.  Lime-water  likewise  dissolves  them,  but  more  spar- 
ingly.' In  solutions  of  the  alkaline  carbonates,  they  re- 
main, according  to  Scheele,  unchanged  :  according  to  the 
experiments  of  Dr  Egan,  however,  they  are  dissolved  even 
by  weak  solutions,  and  also  when  the  alkali  is  super-sat* 
united  by  carbonic  acid*.  The  weaker  acids  have  no 
effect  on  them.  Even  the  muriatic  aci^^  does  not  dissolve 
them.  Nitric  acid,  however,  assisted^  by  heat,  acts  upon 
them,  and,  as  has  been  already  remarked,  produces  the 
deep  red  colour  which  is  so  characteristic  of  uric  acid. 
In  many  of  them  the  uric  acid  appears  to  be  nearly  pure : 
thus  Scheele,  in  those  he  examined,  could  not  discover  a 
trace  of  lime ;  in  others,  however,  there  is  an  intermix- 
ture pf  other  ingredients,  particularly  of  phosphate  of  lime, 
and  phosphate  of  magnesia  and  ammonia ;  and  in  almost 
all  of  them  a  portion  of  animal  matter,  whence  the  sjmcll 
they  emit  in  burning,  and  the  loss  observed  in  their  an- 
alysis. 

Species  2.  Calculus  of  Urate  of  Ammonia.  It  is  doubt- 
ful whether  this  species  exists,  Mr  Brande  having  found, 
in  his  late  experiments  on  this  subject  f ,  that  the  ammonia 
which  the  concretions  referred  to  it  yield,  arises  from  the 
decomposition  of  ur^e,  or  of  phosphate  of  magnesia  and 
ammonia,  or  muriate  of  ammonia,  which  they  contain  uni- 
formly mixed  with  uric  acid.  The  calculus  of  this  na- 
ture has  some  resemblance  in  structure  to  that  composed 
of  pure  uric  acid,  only  the  layers  are  less  sensibly  striated  : 


♦  Transactions  of  the  Irish  Academy,  1805;  or  Philcfto- 
ptiical  Magazine,  vol.  xxiii.  and  xxiv. 
+  Philosophical  Transactions,  1808, 

Vol.  IV.  S  s 
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Its  coluur  is  aUo  lighter,  and  ofien  incllntDg  to  grcf  sr 
gteyisli  white.  Their  form  is  the  same-,  iheir  suif«Qt. 
smuoih,  sometimes  bnlliaiit  and  crystalline,  and  wmc' 
times  the  external  layer  is  pure  uric  acid  ;  they  ian  ak 
most  always,  too,  a  nucleus  of  matter  different  from  tbt- 
body  of  the  calculus.  Their  speciGc  gravity  is  ftom 
1.225  to  1.720.  With  regard  (□  chemical  characten, 
they  are  well  disiuiguijhed  by  their  solubility  in  alkaline 
solutions,  and  their  giving  out,  while  they  disscilrc,  i 
strong  ammnniacal  odoui,  two  characters  which  are  not 
found  togeiher  in  any  other  species.  They  are  also  solu- 
ble alone  in  hot  water,  and  are  rendered  atil)  more  solubl* 
by  an  excess  of  ammonia.  All  the  acids  abstract  thdr 
base,  and  reduce  them  to  the  state  of  uric  acid.  Heated 
by  the  blow-pipe,  they  immediately  exhale  ammoata,  and 
then  present  the  same  appearances  a*  the  preccdit^  f**^ 
cics. 

Sjieiiij  3.  C.ikiiius  of  Pliospli.ite  of  ItUgnfsia  .md  Ani- 
iiio.iia.  This  is  the  fu^ibU-  cilculus  of  "VVoliasion.  h 
is  to  be  rc.'i'iiArl.i.nl,  liowovcr,  that  it  scarcely  ever  forms  a 
t.ikulus  ;ilone  :  it  is  either,  if  pure,  discharged  in  the  form 
i-r  .1  wliitf  sand,  which  consists  of  very  minute  crystals, 
or,  wiien  it  composes  a  concretion,  it  is  either  intermiied 
\iiih  other  ingreJitnts,  particularly  with  utic  acid  and 
phospl;atc  of  lime,  or  it  forms  layers  more  or  less  fine, 
which  alternate  with  l.iy<.rs  of  these,  or  cover  3  nucleus 
of  uric  ncid.  It  is  wtll  ilistinguished  when  in  these  lay- 
'  r^,  or  when  it  iii  prcd')ni:r.ant  in  a  mixed  calculus,  bv  '^li 
l.inie.l.iied  sp.ithosc  r.iriic!urc,  its  white  colour,  -.md  the 
s  of  its  texture  ;  it  is  sof:  and  smrcili 
ly  sawed  through,  iiiJ  gives  a  Cw 


ind  /i:i< 
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'pewdcr  of  &  briUtant  whiteness.  Ii  has  a  iiste  mild 
sweetish)  withoHC  fe«ling  dry  like  phosphatr  of  lime. 
i  Tegard  to  chemical  characters,  it  is  distinguished 
leltmg  before  the  flaroe  of  the  blow.pipe  into  a  white 
kI  ;  placed  aa  burning  fuel,  it  blackens  and  exhales 
■ipyTeonutic  ammoniacat  odour,  and  melta  when  the 

ia  niscd.    It  dissohrcs  in  water  sparingly,  stilt,  how- 

I  80  far,  ilui  when  the  wjcer  is  btuled  on  it  and  era- 

ted,  it  deposiies  minute  crystals  on  cooling.     It  di9- 

•  esuly  ill  the  acids,  even  those  that  are  weak  ;  and 

1  *  caktilue  composed  of  it  is  immersed  in  dilute 

nic  acid,  0(  water  irapregnaicd  with  caibontc  acid, 

llM^ate  of  lime  and  magnesia  i&  dissolved  ;  aitd  ther<r 

aos  a  membranous  matter  in  liglu  flakes,  consisting  of 

ilbumen  mixed  with  It.      The  fixed  alkalis  disengage 

nmunia,  combine  with  its  acid,  and  separate  the  mag- 

.     Ammonia  has  little  effect  on  it.     By  subjecting 

lli,  into  the  compoaiiion  of  which  it  enters,  to  the 

Msiw  action  of  time  re-agents,  they  may  be  an^dl 

.    Thus,  according  to  Dr  WoUjstoii's  method,  thd  > 

phaK  of  lime  and  ammonia  la  dissolved  by  distilled  A***-**"*  • 

rtr  in  the  cold,  with  scarcely  any  phosphate  of  lime. 

otic  acid  poured  on  the  residuum  dbsolved  the  phos- 

I  of  time.    And,  lastly,  a  fiaed  alkaline  solution  take? 

w  tiric  acid. 

nw  *.  Calculus  of  Phosphate  of  Lime.     From  tlu 

vmliona  of  Dr  Wolbston,  it  appears,  that  this  sub* 

V  someiimes  composes  the  entire  calculus,  thougb   ' 

gcarratly  ii  it  usually  ml<ed  wiih  other  ingredients 
1  uric  acid,  3iid  with  phosph^e  of  mag- 
In  the  first  case,  the  calculus  is 
SsC' 


ftjwiy  with  ui 
^^■MBimanis 
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described  as  being  o(  a  pnic  brown  colour,  and  so  smoefh 
as  to  appear  polished  ;  when  sawed  ihrough,  it  is  foun<i 
very  regularly  bmiii.ited,  and  the  lamiiia:,  in  general,  id- 
here  bo  slightly  to  each  other,  as  to  separate  willi  tue 
into  concentric  crusts.  It  dissolves  entirely,  though  slow- 
ly, in  muriatic  or  nitric  acid.  Exposed  to  the  flame  cf 
the  blow-pipe,  it  is  fir§t  slightly  charred,  but  sooa  be- 
comes perfectly  white,  rctiining  its  (brnii  until  urgtd 
with  Ihe  utmosE  hc-ii  from  a  common  blow-pipe,  wbeaij 
may  be  completely  fuaed.  It  appears  to  W  more  fuiSM 
than  the  phosphate  of  lime,  which  forms  the  basis  of  W( 
which  Dr  WollasioD  supposes  owing  to  (ho  latter  cfm* 
taining  a  larger  proportion  of  lime  ".  The  calculi  of 
which  phosphate  of  lime  is  the  basis,  but  in  which  their 
are  also  other  ingredients,  particularly  pliosphate  of  ratf- 
oewtandammoiiia,  and  uric  acid,  are  more  numcronti  and 
are  diversified  in  the  appearances  they  presi-nt.  Acttitdin^ 
to  the  oWri  aiions  of  Fcurcroy  ;mil  Vjii<]ucliii,  it  app'jifi 
in  lln'se  eithtT  uiidfi"  tiif  form  of  layers,  friable,  or  having 
little  hartiuc'Si,  brt'.iking  i:;io  stales  under  the  saw,  ol'i 
greyish  white  colour,  dull,  and  without  any  lanieliiiei 
or  spathose  cryst.illii'.e  furni,  or,  insteiid  of  layers,  it  pre 
bents  incoherent  grains,  fri.ihle,  and  with  litilc  iuduratioa; 
and,  by  ih'n  diy  and  eauhy  appearance,  and  the  dulneis 
of  i:s  cuLur,  it  ii  distin-uishL'd  from  tiie  phosphate  cf 
mat:iie^i;i  and  ainmoiii.i.  C.dculi  of  either  kind  are  chjr- 
icd  by  being  heated,  from  ilie  animal  matter  iliev  coniiia; 
talcinti!  to  whit.'iieii  they  do  not  aflord  lime.  TIu't 
are  .lisiolved  by  the  atid;,  even  wia'n  much  diluted,  - .  i 
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-the  phosphate  of  lime  is  again  precipitated  by  the  alkalis. 
They  are  not  affected  by  alkaline  solutions.  From  their 
state  of  intermixtare,  however,  they  are  liable  to  varia- 
tions both  in  their  ph3rsical  properties  and  chemical  cha- 
racters. Their  colour  is  often  shaded  or  veined ;  their 
texture  is  even  not  uniform^  crystalline  grains  of  the 
phosphate  of  magnesia  and  ammonia  being  intermixed 
through  it ;  when  the  two  phosphates  merely  are  inter- 
mixed, the  colour  is  pure  white,  and  their  cohesion  gene- 
rally inconsiderable ;  when  the  uric  acid  is  present  the  co- 
lour is  darker,  and  they  have  more  hardness.  ,And,  in 
all  these,  the  different  ingredients  can  only  be  recognised 
with  certainty  by  analysis. 

Species  5.  Calculus  of  Oxalate  of  Lime.  This  species 
forms  what  has  been  long  known  by  the  name  of  the 
Mulberry  Calculus,  from  its  colour  and  its  rough  poinN 
ed  surface :  the  composition,  of  it  was  discovered  by 
WoUaston.  It  is  of  a  dark  brown  colour  externally,  fre- 
quently grey  within :  its  surface  is  usually  uneven,  pre- 
venting tubercles  more  or  less  prominent,  frequently  round- 
ed, sometimes  pointed,  and  either  rough  or  polished  :  it 
is  very  hard,  difficult  to  saw,  and  appears  to  consist  of 
f  uccessive  unequal  layers  :  it  is  also  the  heaviest  of  the 
urinary  concretions.  With  regard  to  chemical  characters, 
it  is  less  affected  by  the  application  of  the  usual  re-agents 
than  any  other  calculus.  The  pure  alkaline  solutions  have 
no  effect  upon  it,  and  the  acids  dissolve  it  with  great 
difliculty.  When  it  is  reduced,  however,  to  fine  powder, 
-both  muriatic  and  nitric  acid  dissolve  it  slowly.  The  so-  ' 
lutions  of  the  alkaline  c^bonates  decompose  it,  as  Four- 
croy  and  Vauquelin  have  observed  ;  and  this  affords  u% 
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jnonhi  witb  oxalate' of  lime  and  earthy  phospliites  )  tt.e 
centre  or  nucleus  being  oxaUie  of  lime,  the  iDtermedian  | 
hyers  uric  acid  or  urate  of  ammouia,  and  the  estetior,  I 
earthy  phosphates  more  or  less  intermixed  with  each  oihct  j 
and  With  uric  acid,  A  farther  examination  will  no  doubl 
give  many  more  varieties  of  these  mechanical  mixtures; 
since,  when  a  concretion  is  once  furmed,  it  appears  to  senre 
as  a  nucleus  lu  other  formations  which  must  be  liable  lo 
be  modified  and  interrupted  according  to  llie  diet,  the 
state  of  the  system, -end  of  the  secreting  organ.  Of  all 
the  urinary  concretions,  tliofie  composed  of  uric  Ktil  hare 
been  supposed  to  he  most  common.  Ail  ihai  Schcclehail 
exam'mcd,  appe.ir  to  have  been  of  this  kind.  Of  2tK)  spe- 
cimens whith  Dr  Pearson  analyzed,  not  more  than  six  ijid 
iiot  contain  uric  acid,  though  he  found  its  pmportion  vctji 
raiioua.  And  Fourcroy  and  Vauqutolin  found,  amoaf « 
fiOO  calculi,  more  than  \.'0  ccmpobcd  of  pure  uric  icul 
The  obscrvAtioiis  of  Mr  Brands,  howcvt-r,  ;itc  al  varijnc: 
with  this.  He  iud  an  oppurtuiiiiy  of  submitting  to  cl;.'- 
mlcal  examinatiou  the  very  l.irjic  CjllcL-tion  of  calculi  i:i 
ihc  Hunterian  Museum  :  ami  he  gives  the  following  sir.t- 
meut  of  thi?  comp.irativf  numbi^r  t'f  iho  dilleteiiispeLii's^ 
—  JG  were  composed  of  uric  aciLi,  l.i  ui  uric  acid  wiili  .1 
imall  proportion  of  piiospliates,  ti(i  of  phospliatis  wi:li  i 
relatively  small  proponiun  of  uric  acid,  12  of  phosph.'.ifj 
i;ntirely,  5  of  uric  acid  wiiii  pliospiiatis  and  nucli-i  i^t 
oxalate  of  lime,  and  G  chiefly  of  oxal,i:e  vi  linn'.  !i  .:;■- 
peats  too,  from  Mr  Draiulc's  cbacrvaiions,  thai  cJlv^i 
form(;il  in  the  kidney  an'  al.Tinst  .ilw.'.y^i  I'f  uric  acid  ;  t!.e 
mori'  rare  c.Icvilii:;  ci  oxalate  nf  ll;ne  appear,-  to  be  (•"»■■• 
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«  ■ 

md  k  ^pe^rt  to  have  tn  important  share  in  tfaeir  forma* 
tkni :  it  is  found  e^n  in  those  which  appear  most  white 
and  cryitailinei  and  in  others  is  contained  in  large  quan- 
tkf  I  it  often  remains  in  flocculi  when  the  other  ingre- 
rfknti  have  been  diasolved  by  re-agents  :  these  chemists 
iiMre  fiuppoeed  it  to  be  analogous  to  albumen  or  gelatini 
ivttfa  the  exoepdon  of  that  in  the  mulberry  calculus^  which 
Wfpe9n  to  approach  to  uree. 

>  Such  are  the  ingredients  in  urinary  calculi,  and  the  spe- 
im%  under  which  they  may  be  arranged.  It  b  only  farther 
M  be  remarked,  that  they  are  still  more  divefsified  by  me* 
dumical  iotermixturet  layers  of  diese  ingredients  akema* 
tiBg,  and  forming  a  cpncretioii.  As  such  intermixtures 
£r  flittsc  be  in  a  great  measure  accidental,  they  cap  scarcely 
||^%t  srranged  with  any  precision*  Those  which  have  been 
frequently  observed,  and  which  are  particularly  potnt- 
oot  by  Fourcroy  and  Vauquelin,  are,  1st,  The  mixture 
0  nric  acid  and  of  earthy  phosphates ;  the  former  gener- 
f  Conning  the  nucleus,  and  the  phosphate  of  lime  and 
bate  of  magnesia  and  aiumonia  being  either  inter* 
ixed  or  in  altenute  layers.  2dly,  Those  of  urate  of  am* 
^  monia  and  earthy  phosphates,  the  nucleus  of  this  being 
H^COBUiionly  the  urate  of  ammonia,  and  the  layers  being  the 
Hphosphate  of  lime  and  phosphate  of  magnesia  and  ammo- 
Bab  mixed  with  it,  and,  at  the  same  time,  sometimes  alter* 
■^hating  with  fine  layers  of  it,  or  even  of  uric  acid.  Sdly, 
of  oxalate  of  lime  an  J  of  uric  acid,  the  first  general* 
noccupying  the  centre.  4thly,  That  of  oxalate  of  lime 
earthy  phosphates  }  the  first  forming  the  nucleus,  the 
loond  enveloping  it  in  difTerent  layers :  And,  lastly,  The 
ktmation  of  uric  acid  alone  or  mixed  with  urate  of  am* 
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;  in  which  case  it  maybe  infenvd,  tliJtiilui 
^^H     consi&terf  of  pure  uric  acid.    Sdly,  The  solution  mn  be 
^^^       eiqusHy  complete  as  tti   the  first  case,  but   accompanid 
with  3  strong  ammoniacal  odour:   the  calculus  hu  thta 
corsistfd  of  urate  of  ammonia,  without  any  eanhjr  plioi- 
pha:e,  or  at  leatt  of  uric  add,  with  an  imermiKtiut of 
ammnniacal  salts.    Sdly,  'Hie  alkali  may  disBoIrc  oal<* 
^^^1      pan  of  the  cakuius  in  pawder,  without  causing  anf  a* 
^^^K    bBtalk>n  of  ammoni^cal  odour  ;  and  in  this  case,  whichii 
^^^H    rare,  there  is  indicated  a  mixture  of  uric  acid  and  pbot- 
^^^F*  ^ate  of  lime,  which  the  solution  separates:     4lhlf,'n( 
^^^H    alk^iline  ley,  in  effecting  a  similar  pariia]  solution,  ma^  it 
^^^B  the  same  lime  <libenga|re  ammonia;  and  in  this  case,  nmci 
^^^^TlBore  common,  there  are  indicated  the  presence  of  mu 
^^^^  xld  which  has  been  diasoired,  and  of  phosphate  of  oii^- 
nesia  and  ammonia  which  his  been  decomposed  ;  bnti 
ths  undissolved  portion  must  cnntain  the  magnesia,  whuii 
may  be  discovLTi-d  by  weak  acetic  acid,   and  the  aiiditioj 
of  potassa  to  the  solution  it  efTecifi ;  while  the  alkaline  l» 
(.ontains  the  phosphoric  acid,  which  may  be  precipitatri 
hv  lime-water,  and  the  uric  acid,  which  may  be  threw; 
down  ill  a  crvstalline  form  by  muriatic  acid.   Sthly,  Ther^- 
is  presented  sometimes,  in  the  ireaimeni  of  the  calru!:; 
by  the  alkaline  ley,  another  appearance, —that  of  an  fi- 
lution  of  ammonia,  while  no  uric  acid  can  be  precipiuiE'- 
from  the  solution  by  the  addition  of  the  other  acids;  rv 
dicatirg  of  course  the  presence  only  of  phosphate  ctnup- 
nctia  and  ammonia,  mined  generally  with   more  ot  I"* 
phosi)h;ile  of  lime.     The  oxalate  of  lime  is  not  di 
by  the  alkaline  soliitiui),  but  by  the  alkali 
pr'jrfuciiig  at  ilic  ssme  lime  carbonate  cf  li 
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it  may  be  recognised,  as  well  as  by  furnishing  lime)  when 
the  calculos  has  been  urged  with  a  strong  heat  *. 

The  isvestigation  of  the  composition  of  urinary  con- 
-cretioDS  leads  to  the  interesting  question,  how  far  their 
«oltxtion  in  the  bladder  may  be  practicable,  and  by  what 
agents  this,  if  it  can  be  accomplished,-  will  be  best  per- 
Ibnned.  It  is  sufficiently  evident,  that  being  of  very  dif- 
ferent chemtcai  composition,  the  same  solvent  cannot  be 
applicable  to  all  of  tbem )  yet  stiM  there  may  be  a  possi- 
bilky  of  solvents  being  introduced  adapted  to  each. 

Long  experience  has  sufficiently  established  the  advan- 
tage derived  in  calculous  afiectious  from  the  use  of  alka^ 
line  remedies ;  and  as  the  calculi  composed  of  uric  Bad 
ane  those  which  appear  to  be  most  abundaot,  it  is  suppos- 
ed to  be,  from  the  chemical  action  they  exert  upon  k,  that 
the  benefit  is  derived.  Where  the  pure  alkali  is  used,  a 
real  solvent  power  may  be  CKertad ;  and  it  has  been  prov- 
ed, that  the  alkali  is  secreted  by  the  kidneys,  so  as  to  ren- 
tier the  urine  sensibly  alkaline,  and  even  capaUe  of  acting 
oa  the  cakulus  out  of  the  body.  Yet  the  solvent  power 
is  very  inconaidecabie,  and  the  remedy*  at  the  same  time, 
|iroves  so  irritating,  when  taken  to  any  considerable  exteotf 
ihat  the  solution  of  a  calcdns  even  of  small  size  can  per- 
ihaps  be  scarcely  expected.  The  pin  and  irritation  which 
attend  the  disease,  however,  are  considerably  alleviated  by 
llieir  habitual  use,  and  this  even  when  the  alkali  is  satur- 
atud  or  super-saturated  with  carbonic  acid,— ^  circum* 
stance  with  regard  to  which  there  appears  some  difficulty 


^  M^moires  de  Plnstit.  National,  torn.  iv.  p.  125.  ISO.  137. 


r  in  (c'lting  an  explanation,  since  the  alkalii  in  tlii)  ttttt 
'  fcave  been  supposed  not  to  act  on    uric   acid.       From 
ike  experiments  of  !>  Egan,  alrcadf  stated,  this,  how- 
ever, appears  to  be  a  mistake;  though  the  relief  obtaiocd 
from  the  use  of  these  may  also  be  in  part  derived  frooi 
'  the  saiaration  of  the  other  add,  whether  photphoric  cc 
I  acetic,  which  ia  likewise  secreted  -,  the  unne  is  thus  rea- 
I  dereil  less  irritating,  ami  the  lendencjr  to  a  deposition  of 
■  •uric  acid  diminished,  all  acids  hastening  the  prccipitaiioc 
I  of  tbifiacid  from  urine,     ft  has  accordingly  been  found, 
t  under  the  use-  of  alkaline  remedies,  the  lediment  of 
iric  acid  from  the  urine,  so  often  abundant  in  cases  of  csl- 
KiCalus,  rapidly  diminishes.  The  increase  of  the  concreiiOB 
b  thus  prevented,  and  the  principal  cause  of  irritation  r^ 
P  "moved. 
>    So  far,  therefore,  the  alkalis  may  act  as  palTiatives,  «h3e    i 
!t  must  be  ailmiiced  as  very  doubtful,  if  they  can  be  giveti 
10  liiat  extent  to  exert  an  actual  solvi^nt  power.  Therein, 
besides,  an  effect  which  may  attend  their  continued  u-f, 
especially  in  large  doses,  which  Mr  Brande  has  pointed  ov- 
The  phosphates  of  lime  and  magnesia,  he  remarks,  ji: 
held  in  solution  in  urine  chiefly  by  its  eicess  of  acid ;  if 
this  be  saturated  therefore,  by  the  use  of  an  alkali,  aliliOi:;!'. 
the  deposiie  of    uric  acid  may  be  checked,   that  of  ^h:      | 
phosphates  will  be  favoured,  and  it  appears  that  it  is  pr  > 
cipally  from  the  dopcsiiion  of  these  that  a  calculus  in  ',;:.•      I 
bladder  increases  in  sizt.     Mr  Home  has    added  somf      I 
(  ises,  which  appear  to  support  this  conclusii^n. 

Lime,  under  the  furm  of  lime-water,  h,is  been  tmr'' 
,u  IS  a  solvent ;   Inn  its  use  has   seldom    been   cir.t 
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composition  of  these  concretions,  and  would  therefore  ra- 
ther farour  their  formation ;  or  from  the  supposition,  that, 
on  account  of  its  sparing  solubility,  so  little  of  it  could' be 
introduced  into  the  system,  that  it  would  have  no  great 
power.  The  experiments  of  Dr  Egan,  however,  have 
shown,  that  lime-water  acts  with  more  energy  than  an  al- 
kaline solution  of  similar  strength,  in  destroying  the  ag- 
gregation of  urinary  concretion  ;  and  I  observed  this  ef- 
feet  strikingly  displayed  in  a  comparative  trial  which  these 
experiments  led  me  to  make.  In  a  dilute  solution  of  pure 
potassa,  a  calculus  of  the  uric  acid  kind  was  in  part  dis- 
solved, the*  liquor,  after  a  short  time,  giving  a  copious 
white  precipitate  with  muriatic  acid  ^  but  the  remaining 
calculus  preserved  its  aggregation,  apparently  without 
much  alteration,  the  external  layer  having  been  merely 
removed ;  while  a  calculus  of  a  similar  kind,  and  dischar- 
ged from  the  same  person,  immersed  in  lime-water,  be- 
came in  a  few  days  white  and  spongy :  it  appeared  at 
length  to  be  entirely  penetrated  :  its  cohesion  was  subvert- 
ed :  it  presented  a  kind  of  loose  scaly  appearance,  and 
the  least  touch  made  it  fall  down.  The  lime  probably 
operates  more  upon  the  albumen  or  animal  matter,  which 
appears  to  serve  as  the  cement  or  connecting  substance, 
dian  upon  the  uric  acid ;  and  in  endeavouring  to  discover 
solvents  for  these  concretions,  our  views  ought  perhaps 
rather  to  be  directed  to  tliis  operation  than  to  the  eflFect 
on  the  saline  matter.  If  lime,  when  received  into  the 
^tomach  under  the  form  of  lime-water,  can  be  secreted 
by  the  kidneys,  as  the  dknlis  unquestionably  are,  it  would 
appear,  from  these  observations,  to  be  superior  to  them  as 
a  solvent.     But,  when  we  consider  the  sparing  solubility 
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f  lime,  and  the  smill  qunnliiy  of  it  thvrefoie  that  CVib 

kbrouglit  to  tlie  kidneys,  ihp  possibiiity  of  its  secTettmnay 

I  be  doubted.       Mt  Braode  hi&  even  suppoeed,  that,  mtn 

t  itereied,  it  would  railier  prove  liunful,  by  formiag  m 

L  iiHoltibIc  compound  with  the  plicsphoric  acid,  ot  wit!i  i^ 

t  carbonic  ^cid,  which  he  has  stated  to  be  ulwavs  couoiocJ 

[  in  urine.     This  it  might  perh.»p3  do  ■,  but  if  it  be  nw, 

r  that  the  ci/Dcrclion  of  these  substances  into  a  cdlcolti*  it 

^'vwing  principally  to  the  action  of  animal  tnattiT>  u  [hit 

L  would  be  pTcVMitedf  any  dcposite  would  be  <lisc)ut;ni, 

Hid  perhaps  the  aggregation  of  an  cxiHing  ctmcretiaa 

night  be  destroyed.      Under  ihiii  rtew,  the  proper  pnc< 

FlIMe  would  be  the  exhibition  of  an  aticali  and  lime  imb- 

)  Aftr,  the  former  neuttaliziDg  the  excess  of  acid  io  llielfl 

'  inne,  and  allowing  the  latter  lo  exeil  its  power  ;  and  it  StA 

serres  to  be  rem;irked,  that  the  celebrated  8iepfacn'smK> 

dies  arc  a  combinition  of  this  kinil. 

Those  calculi  which  die  composed  of  i.iabtc  of  Y.xt. 
pliosph.ue  of  lime,  or  piiosphate  of  ma^ Tie^i^i  and  jmnio- 
nia,  not  being  soluble  in  alkalis,  it  ius  ban  supposed  s'r..: 
the  use  cf  alkaline  remedies  cjri  bo  attended  with  no  id- 
vantnge  with  regard  to  them,  and  tlut  their  solution,  i: 
attempted,  must  be  by  the  action  of  wejk  acids  ;  and  theti' 
are  cases  on  record  in  which  the  pain  from  urinarv  calcu- 
lus has  been  relieved  by  the  use  of  vegtlable  acids,  as  tiu,' 
of  lemons,  thouf;h  it  might  in'  tjuesiioned  if  the  useofi::v 
acli!  can  I'ver  be  carried  to  that  cxU'iit  to  ccmmunicaic  tj 
the  urine  a  solvent  power.  And  with  regard  to  this  t-iT* 
would  be  a  dithcuity  simiUr  to  th.it  wli.cli  itictidsi.'ieE>; 
uf  alkalis;    for  though  the  .--.^d  in\;ht  remove  ilie  pi;* 
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vour  that  of  the  uric  acidi  and  the  concretion  might  in« 
create  therefore  from  this  cause.  Nor  can  we  e¥er  bope^ 
by  an  alternate  exhibition  of  acids  and  alkalis,  to  adjust- 
them  to  each  other,  to  as  to  obtain  their  soi? ent  eflfects 
without  these  counteracting  results.  If  the  ?iew  given  of 
the  operation  of  lime-water,  and  even  of  the  alkalis,  in 
acting  on  the  animal  matter  of  urinary  concretions,  be 
juat,  some  advantage  may,  however,  perhaps  be  derived 
from  their  administration,  even  in  all  the  varieties  of  caU 

I     cull  I  and  in  all  cases  of  practice,  we  may  derive  some  rul^ 

i     to  regulate  it,  by  a  frequent  and  careful  examination  of 

i    the  deposite  from  the  urine* 

Fourcroy  and  Vauquelin  have  proposed  *,  that  the  so- 
Indon  of  urinary  concretions  should  be  attempted  by  the 

;    iojection  of  the  proper  solvents  into  the  bladder )  the  uric 

•cid  calculus  being  dissolved,  they  observe,  by  some  days 

«    MOincrsion  in  an  alkaline  ley,  so  weak  that  it  might,  as 

.'.  tiiey  suppose,  be  safely  injected,  and  the  calculi  of  the 

phosphates  being  dissolved  by  water,  in  which  there  was  so 

^  fittle  muriatic  acid  as  to  give  only  a  slight  sourness.  From 

^  die  extreme  irritability  of  the  bladder,  however,  with  re- 
■  flvd  to  every  fluid  but  that  which  it  usually  contains,  and 

Hl  IP  which  the  state  of  that  irritability  is  adapted,  there  can 

r  ke  little  doubt  but  that  this  project  is  altogether  imprac** 

"^^tkabIe. 

—     The  preceding  history  of  urinary  concretions  applies  to 
those  formed  in  the  human  system.    They  are  sometimes 

^  Ibond  in  other  animals ;  and  calculi  of  this  kind  from  the 


*  rMtooiref  de  I'Inttitut.  National,  torn.  it.  p.  147- 
tFourcroy's  System,  fol.  x.,  p.  35 1. 


(IF  srxovi 

(log,  the  hone,  the  hog,  the  ox,  And  otiicr  quadn] 
have  been  examined  by  J3ir  Pearson,  Fouicroy  and  Vauiji 
lin,  ;itid  Mc  Bnnde  *.     They  h.ive  presented  the  singula- 
rity,  that  ihc  uric  acid  is  altogether  wanting,  these  cttacn' 
tiuns  consisting  generally  of  phosphate  and  caiboaate 
lifne  with  animal  matter. 


This  name  is  given  to  the  liquor  found  within  the  op* 
SuUr  ligaments  of  the  joints,  which  it  dt^signcd  to  facili- 
tate the  motion  of  the  articulated  bones.  It.  was  suhnlt- 
teJ  to  chemical  examination  by  M-jTc;ucron,  from  whose 
inumoir  f  tlic  following  coiicisl-  n.:iLouiit  of  it  ii  tjk:n. 

It  is  a  fluid  cxirfmely  viscous,  more  or  less  traiiip.ircr.:, 
and  of  a  greenish  colour:  w!ii.ii  it  ij  wiilidt.iwn  iVom  i'.- 


cjpsule,  it  becomes  gelaiiiioua ;  but  altur  si;iinU 
time,  it  loses  this,  and  lii'poaitcs  a  fibrous  fl.i 
It  mixes  easily  with  colJ  wjIit  by  agitation,  : 
it  viscous:  when  the  mixed  lit|ULii  is  heated, 
milky,  and  some  pellicles  are  formed,  but  i!u 
mains  viscous  as  before. 
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Acids  added  to  aynovia,  produce  a  flocculeat  precipi- 
tate, which  is,  however,  soon  redissolved,  nor  is  the  vis- 
cosity lessened.  When  tlie  stronger  acids  are  diluted  with 
from  12  to  15  parts  of  water,  they  still  render  this  liquor 
tarbtd,  without  impairing  its  viscid  consistence ;  but 
when  very  much  diluted,  so  that  the  acidity  is  scarcely 
perceptible,  this  consistence  disappears,  the  liquor  becomes 
dear  and  transpareot,  and  there  separates  from  it  a  fibrous- 
like  matter.  These  phenomena  were,  in  particular,  pro- 
duced by  the  action  of  acetous  acid.  The  liquor  remaining 
after  this  precipitation  being  heated,  affords  albuminous 
pellicles,  and  when  these  are  withdrawn,  it  gives,  on  era- 
poration,  crystals  of  muriate  and  of  acetate  of  soda.  From 
S88  parts  of  synovia,  there  were  sepniated  by  the  action 
of  acetic  acid,  31  of  Che  fihrous^lilci:  matter,  and  after- 
%&rds,  by  heat  and  evaporation,  13  of  albumen,  5  of  mu- 
liate  of  toda,  and  S  of  acetate  of  soda. 

The  Bbrous  matter  which  is  thrown  dowo  in  these  ei- 
jwrimenis,  is  not  perfectly  similar  in  its  properties  to  any 
known  animal  principle  ;  for  although  it  has  some  rcsem- 
Maoce,  botli  to  nibumen  and  to  Gbrin,  it  still  diSi»8  fnca 
Margueron  observes,  that  it  resembles  fibrin,  or 
•thai  the  gluten  of  wheat,  with  which  he  compares  it,  in 
>lotir,  taste,  and  odour,  in  elasticity  and  tenacity  ;  but  it 
**Sets  in  being  soluble  by  agitation  in  cold  water,  and  in 
ig  precipitated  in  flakes  by  acids  and  allcohol.  He  cor^ 
'**des,  perhaps  without  much  precision,  that  it  is  albumen 
^    a  particular  state. 

-Alkohol  separates  albumen  from  the  tynovia,  but  not 
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impaired,  but  it  immediately  disappears  on  adding  tBC^ 
acid,  3tid  a  portion  of  fibrous  matter  is  deposited. 

Synovia  affords  precipitates  with  lime-water,  and  with 
the  solutions  of  barytes,  slrontites,  potassa,  and  even  ani' 
moiiia,  consisting  principally  of  the  phosphate-  of  lime  it 
contains  ;  and  from  the  presence  of  the  same  substance, 
it  given  a  precipitate  with  oxalic  acid.  The  allcaUs  at  the 
same  time  render  ii  more  fluid,  and  even  dissolie  it  when 
it  has  been  inspissated  from  exposure  to  the  air, 

F.Kposcd  lo  a  moist  atmosphere,  it  passes  into  a  state  of 
putrefaction,  and  exhales  ammonia.  Decomposed  by  heat, 
it  uffurds  empyreumatic  oil  and  carbonate  of  ammonia 
and  the  residuum  contains  muriate  and  carbonate  of  mx 
Phosphate  of  lime  is  obtained  from  the  incineration 
its  cliarcoal. 

Margueion  conclades,  as  the  result  of  his  xnal^ 
tliis  Jlutd,  th.it  it  is  composed  of  fibrous  matter  I  l.R,  al- 
bumen 1.5,  muri.ite  ol'  soila  1.7j,  carbonate  of  soda  T, 
phosphate  of  liiiio  7,  the  remaining  quantity  to  make  up 
UIO  psrts  bein^;  vvati-r. 

Ari  HRiTic  CuNCKtTiONs,  or  those  deposited  somo- 
v.nnjs  litiriiij;  a  p^ruxyani  uf  goui  in  the  joints,  are  proba- 
bly iLTined  from  tliij  liuiil,  or  are  deposited  by  itj  medium. 
Tijuy  wtrt  found  by  Or  Wollaston  to  consist  of  ur.ite  of 
budd  '  ;  a  discovery  tgiifirmed  by  the  experiments  of 
l"uurcroy  \.  Tiie  connection  of  pout  with  gravel  lias  al- 
ways bt-cii  observed  ;  and  the  deposition  of  these  concre- 
tions probabiy  depends  on  some  cause  similar  to  ih.'i  on 
which  the  formation  of  urinary  calculi  de]>ei:ds. 

•  l-liilos.ipl,iLMi  'I>,inMi.ii.iiii,  ITilT,  p.  :(89. 

1  Aiiiiak-s  du  M.iirum  Natioiial.  lom.  i,  p,   10i\ 
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SECT.  X. 


Of  tHE  AMNIOTIC  FLUID. 


Thb  fluid  with  which  the  foetus  is  surrounded  in  the 
amniosy  is  entitled  to  notice,  principally  as  faaring  furnish* 
ed  what  Vauquelin  has  regarded  as  a  new  acid.  He  ob- 
tained it  from  the  amniotic  liquor  of  the  cow  :  this  has  a 
reddish  colour^  is  somewhat  viscid  and  mucilaginous,  has 
an  acid  and  bitter  taste,  and  a  faint  odour.  It  reddens  the 
more  delicate  vegetable  colours. 

When  this  liquid  is  evaporated,  it  is  covered  with  a 
scum,  in  which  are  formed  small  brilliant  crystals  i  and 
bj  continuing  the  evaporation^  it  is  reduced  to  a  thick 
viscid  consistence  like  that  of  honey.  If  this  be  treated 
with  alkohol  boiled  qn  it,  a  quantity  of  vbcid  dark  colour- 
ed matter,  nearly  of  the  consistence  of  pitch,  remains  un^ 
dissolved  i  when  the  alkohol  is  poured  off  from  this,  on 
cooling,  it  deposites  brilliant  crystals,  in  the  form  of  slen-^ 
der  prisms,  nearly  an  inch  long.  -  These  crystals  are  the 
amniotic  acid.  They  may  also  be  obtained  by  reducing 
the  Uquor  to  one-fourth  of  its  volume  by  evaporation; 
they  are  coloured  by  a  small  quantity  of  the  animsd  mat- 
terj  which  may  be  abstracted  by  washing  with  a  little  wa- 
ters then  dissolving  and  again  crystallizing  them. 

This  s|cid,  discovered  and  examined  by  Vauquelin  and 
Buniva  *$  is  white  and  briUiant  %  has  a  slightly  sour  taste> 
reddens  infusion  of  litmus,  is  sparingly  soluble  in  cold  Wa^ 


*  Annales  de  Cbimie,  torn.  xxx?i.  p,  205. 
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ter,  but  more  so  in  warm  water,  and  crystallizes  on  cool- 
ing :  it  is  aUo  soluble  in  alkohol.  It  combines  with  the 
alkalis,  and  forms  soluble  salts,  which  are  decomposed  \>J 
the  other  acids,  the  iunniotic  acid  being  precipilatcd.    Ii 

does  not  decompose  the  alkaline  caibonaws,  unless  when 
aided  bf  heat ;  neither  does  it  precipitate  the  earthy  saK 
or  the  nitrates  of  silver,  quicksilver,  or  lead.  Exposed  to 
heat,  it  is  decomposed,  becomes  bliick,  evhales  ammooii 
and  prussic  acid,  and  leaves  a  bulky  Lbaicoal.  In  UkK 
ptopertics  it  has  some  points  cf  resemblance  both  to  au- 
cho>  lactic  and  to  uric  acid  i  but  the  former  differs  fiom  it 
in  boing  soluble  in  alkohol,  and  in  affording  neither  ammo- 
nia nor  prussic  acid,  when  decomposed  by  beat  }  an*}  thf 
latter,  equally  in  its  insolubility  in  alkohol,  its  diS«reiH 
Ciystallixation,  and  the  red  colour  which  it  receives  froni 
nitric  acid. 

The  animal  matter  which  exists  along  with  this  acid  in 
the  liquor  of  the  nniiiios  of  the  cow,  has  some  pecuiiai 
characters.  It  is  of  a  reddish  brown  colour,  of  a  xaH 
somewhat  saline,  and  has  a  stfonj;  smell  :  it  is  readily  ic- 
luble  in  water,  to  which  it  communicates  its  colour,  but 
without  any  viscidity  or  gelatinous  consistence  ;  it  is  iii- 
soluble  in  alkohol,  which  even  prt-cipitates  it  from  its  wi- 
tery  solution.  I)i.'tomposcd  by  heat,  it  affords  the  uiujl 
products  of  animal  matter,  with  a  considerable  quamity  oi 
prussic  acid  :  its  charcoal,  when  iuciiier.ued,  jjivts  ]'hi."'- 
phate  of  magnesia.  Nitric  acid  disengages  from  ii  n.i'  ' 
gen  and  carbonic  ucii!  g:ises,  without  coiivertln;^  ii  i^i'  ■  ■■'■I 
acid.     It  is  not  precipitated  by  tajiniii. 

With  these  two  prineiples,  there  is  present  in  ilii-  ■  ;■  ■■ 
.1  poTtii'  ;  of  sulphate  nf  snd.i,  whieh  nitv  lie  e'>;  . 
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cffsiallization  from  the  evaporated  liquor,  after  this  has 
deposited  the  amniotic  acid. 

It  is  singular,  that  the  human  amniotic  fluid  is  altoge*- 
ther  diflFerent  in  its  compontion«  Vauquelin  and  Buniva 
could  not  discover  in  it  any  aitoniotic  acid,  but  found  it  to 
consist  of  albumen,  and  perhaps  gelatin,  with  a  little  mu- 
riate and  carbonate  of  soda  and  phosphate  of  lime.  From 
containing  these  principles,  it  is  of  a  mild  salii^e  taste,  a 
whitish  colour,  and  a  little  viscid.  It  becomes  more  milky 
when  heated }  acids  render  it  clear.  Alkobol  and  the 
alkalis  separate  albuminous  flakes  from  it.  Infusion  of 
galls  produces  a  copious  precipitate  }  and  a  white  preci- 
pitate is  formed  by  nitrate  of  silver,  insoluble  in  nitric  a- 
cid^  indicating  the  presence  of  muriatic  acid. 


SECT.  XI. 


OF  THE  HUMOURS  OF  THE  EYE. 


Thb  ball  of  the  eye  contains  three  liquids  diflFering  in 
their  physical  properties,  though  but  little  in  their  chemi** 
cal  nature:  the  Aqueous  Humour,  situated  in  the  ante« 
tiat  chamber  :  the  Crystalline  Humour  or  Xiens,  occupy-' 
sng  the  central  space  }  and  the  Vitreous  Humou^,  which 
fills  up  the  greater  part  behind  the  lens.  Of  these  we  bad 
yery  little  chemical  knowledge,  until  their  analysis  was 
executed  by  Mr  Chenevix ;  from  whose  dissertation  *, 


*  Philosophical  Transactions,  1803. 
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with  one  or  two  facts  from  a  short  memoir  by  Nicholas  *t 
subsequent  to  that  of  Chenevii,  the  following  account  of 
them  is  taken. 

Aqueous  Humour.  This  ts  a  clear  transparent  liquid 
of  the  specific  gravity  of  10090,  at  60°  of  Fahrenhfit 
When  fresh,  it  has  little  smell,  or  taste.  It  causes  rery 
little  change  in  the  vegetable  re-active  colours;  a  little 
ammonia,  which  causes  it  to  give  a  green  tinge,  being  ap> 
patently  produced  from  decomposition.  \. 

When  exposed  to  the  air,  at  a  moderate  warmth,  it  elU 
porates,  and  becomes  slightly  putrid.  When  made  to  \xMli, 
a  coagulum  is  formed,  fo  small  as  hardly  to  be  perceptibllb 
Evaporated  to  dryness,  it  leaves  a  matter  weighing  na^ 
more  than  8  ptr  ctut.  of  the  original  liquor. 

Tannin  causes  a  precipitate  in  the  fresh  aqueous  ho* 
niour,  both  before  and  after  it  has  been  boiled,  and  co^ 
scquently  shows  the  presence  of  gelitin.  Nitrate  of  sil- 
ver causes  :i  precipitate,  which  is  muriate  of  silver.  No 
ntiier  metallic  sails  alter  the  aqueous  humour. 

i'rom  these  and  other  experiments  it  appears,  thai  ihe 
:iqueous  humour  is  composed  of  water,  albumen,  gelarin, 
and  a  muriate,  the  basis  of  which  is  soda.  Nicholas  dls- 
Lovered  In  it  a  little  phosphate  of  lime, 

Tiie  action  of  tlie  acids,  of  the  alkalis,  of  alkohol,  and 
of  other  re-agents,  upon  this  humour,  i:;  such  as  may  be 
expected  in  a  solution  of  these  principles. 

Crvs  I'ALLiNE  HuMOUK,  This  difiiTS  materially  fr.im 
ilie  others.  It  is  solid  and  composed  of  concentric  i> 
iiK'll:t  ;  and  these  appear  to  h.ive  a  diftertnt  degree  otdi':i- 
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Bfty  towards  the  centre  from  what  they  have  in  the  exter- 
nal part>  the  density  decreasing  gradually  towards  the  cir- 
comference.     The  mean  specific  gravity  is  l.iOO.  When 
fresh,  it  is  neither  tcid  nor  alkaline.     It  putrefies  rapid- 
Ijr.     It  18  nearly  all  soluble  in  cold  water,  but  is  partly  co« 
if[ulated  by  heat.    Tannin  gives  an  abundant  precipitate  i 
Imc  no  traces  of  muriatic  acid  could  be  perceived  when  it 
wat  d^ined  quite  free  from  the  other  humours.     It  i% 
composed,  therefore,  of  less  water  than  the  others,  but  of  a 
^^  mnch  larger  proportion  of  albumen  and  gelatin.     Accord- 
lig  to  Nicholas,  the  proportion  of  gelatin  is  least  in  the 
oentre :  he  found  in  it  also  a  little  phosphate  of  lime. 
Vitreous  Humour.  This  being  pressed  through  a  rag, 
^ '  lo  free  it  from  its  capsules,  Mr  Chenevix  could  not,  in 
■'    dMt  state,  by  all  the  experiments  he  made  on  it,  perceive 
.'  my  difference  between  it  and  the  aqueous  humour,  either 
in  specific  gravity,  or  in  its  chemical  nature. 

These  experiments  by  Mr  Chenevix  were  made  on  the 
\ux$  of  the  eyes  of  sheep ;  but,  in  repeating  them  on 
of  the  humstn  eye,  and  of  the  eyes  of  oxen,  he  did 
find  any  impprtant  chemical  difference.     There  was 
a  difference  in  the  proportion  of  the  specific  gravity 
Jht  humours  to  each  other. 


SECT.  XII. 

OF  MUSCULAU  FIBRE. 


The  Muscles,  or,  in  common  language,  the  Flesh  of 
imals,  present  a  distinctly  fibrous  texture;  and  their 
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basis,  from  which  they  derive  this,  is  Fibrin.  They  con- 
Eist  almost  entirely  of  this  priiiciplfri  with  which  are  ia> 
teimingicd  small  quantities  of  fat,  albumen,  geUdn,  and 
Gshne  matter  i  ^nd,  as  it  is  impossible  to  separate  com- 
pletely  from  the  muscle,  tlie  blood,  cellular  fibre,  nerre 
and  fat,  which  are  attached  to  it,  or  diffused  thrcmgh  it, 
we  can  scarcely  determine  how  far  any  of  these  is  essen- 
tial to  the  musculzr  fibre,  or  is  derited  from  the  Eub- 
E lances  thus  mixed  with  it. 

The  muscles,  io  the  different  orders  of  animals,  are  al- 
ways of  the  colour  of  the  blood,  and,  indeed,  derire  thnr 
colour  from  it ;  hence,  when  they  are  washed  with  wi< 
ter,  the  colour  is  removed,  and  a  white  substance  remains, 
having  all  the  properties  of  fibrin. 

When  the  water  which  has  been  employed  in  this  ope- 
ration is  examined,  it  is  found,  besides  the  colouring  mat- 
ter derived  from  the  blood,  to  coniaiii  aibumen,  gelatin, 
saline  matter,  and  fat,  the  last  no  doubt  being  adtrentitioui, 
the  others  perhaps  being  constituent  parts  of  the  flesh. 
By  heating  this  water  gradually,  the  albumen  coagulam 
and  separates  in  flakes  ;  If  these  be  removed,  and  the  li* 
quor  farther  evaporated,  it  becomes  gelatinous  when  coldi 
the  fat,  during  the  boiling,  collecting  on  the  surface.  By 
this  simple  analysis  made  by  Thouvenel,  the  immediate 
principles  of  muscle  ate  discovered. 

Besides  these,  this  chemist  obtained  a  peculiar  extract- 
ive matter,  by  evaporating  the  jelly  to  dryness,  and  trcX- 
ing  it  with  alkohol ;  the  gelatin  and  saline  matter  remain 
undissolved,  and  the  alkohol  takes  up  this  peculiar  ontttr, 
which,  by  evaporation,  may  be  obtained  in  the  soIhI  £otin. 
It  is  of  a  brownish  red  colour,  has  a  pungent,  even  actid 
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tast^9  and  an  odout  somewhat  aromatic :  by  bring  heated 
a  Uttle  more  than  is  necegaary  to  dry  it»  it  boils  and  swelbi 
and  assumes  the  odoiur  and  saccharine  taste  of  caramel. 
It  is  deliquescent^  and,  when  in  solutioni  becomes  sour 
horn  ea^sure  to  the  air,  passing  into  acetic  acid*  and  de- 
positing charcoaL     Subjected  to  destructive  distillationi  it 
gives  watety  ammonia*  and  acetic  acid ;  and  its  residual 
charcoal  contains  muriates  of  potassa  and  soda. 
.   By  boiling  water  on  iht  muscular  fibre,  prerioiisly  wash-  ^ 
•d>  the  saline  matter  it  contains  is  dissolved,  and  may  be 
delected  in  the  gehriuous  solution.    Phosphates  of  soda 
and  of  ammonia  were  known  to  be  thus  procured  ;  and, 
firom  Mr  Hatchet's  expeiiments,  it  appears>  tfaac  phosphate 
and  carbonate  of  lime  are  also  present.    They  are  more 
abundant,  he  found,  in  the  muscle  of  beef  than  in  that  of 
veal  i  and  he  hence  concludes,  "  that  the  earthy  matter  is 
more  abundant  in  the  coarse  and  rigid  fibre  of  adult  and 
aged  animals,  than  in  the  tender  fibre  of  those  which  are 
young  ;  and  this  seems  to  be  corroborated  by  the  tenden- 
cy to  morbid  ossification  so  frequently  observed  in  aged 
individuals  of  the  human  species  *."     In  young  animals, 
too,  the  gelatin  is  more  abundant  in  the  muscular  fibre 
than  in  those  of  advanced  age  \  in  the  latter,  the  fibrin  ap- 
pears to  predominate. 

When  the  entire  mu&cular  flesh  is  boiled  in  water,  its 
principles  are  more  completely  dissolved,  except  the  fibrin, 
which  is  in  part  dissolved,  but  which  partly  also  forms 
threads  that  float  in  the  liquor.  In  this  liquid  these  prin- 
ciples can  be  discovered.     The*  gelatin  and  albumen  are 


*  Philosophical  Transactions)  1800,  p.  396. 
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detected  by  the  Infusion  of  tannin ;  and  from  the  pnsaa 

of  the  gelatin,  the  liquor  is  liable  to  become  soot  on  k«j- 

ing,  acetous  acid  being  formed.     Lime-water,  or  imin> 

oia,  produces  in  it  a  slight  prraipitate  of  phosphate  of  Inu: 

oxalic  acid  detects  the  lime ;  and,  according  to  Foorertn. 

nitrate  of  silver  indicates  the  presence  of  muriatic  »od- 

If  the  decoction  be  strained  and  eraporated,  it  becontt 

I  ^htinous  -,  and  by  being  boiled  sufHciently,  it  bccoiaa 

f  K>lid  and  firm,  in  consequence  of  which  it  can  be  pma* 

'  »ed  for  a  long  time  without  injury.     Compositions  of  dpi 

kind,  with  the  addition  of  aromattcs  and  a  little  mnriateof 

-  X>da,  foim  the  tablets  of  portable  soup. 

The  muscular  fibre,  in  its  relations  to  the  chemical  t^ 
t  agents,    presents    phenomena  conformable    to  what  *c 
know  of  its  immediate  principles. 

When  exposed  to  the  air,  it  soon  becomes  tah)ied,nd 
at  length  pu[rid, — a  change  wliich,  as  Mr  Hstcfiet  h- 
supposed,  depends  principally  on  the  presence  of  ^'cfj: 
as  he  found,  that  ik'sh,  dcprivi_-d  of  this  principle  by  ' 
maceration  and  subsequent  boiling,  is  little  liable  lo 
thanpc,  Beriholiet  has  found,  that  if  the  gelatin  Iw 
moved  by  boiling,  so  that  ihe  liquid  gives  no  preci;':' 
with  tannin,  on  exposing  the  flesh  to  the  air  for  somf  A-i 
oxygon  is  consumed  and  carbonic  acid  formed  ;  s  pji 
odour  is  acquired  ■,  and  tticre  is  a  formation  ofgfU;!". 
[bit  ilie  water  bfilod  on  the  fiesh  gives  a  copious  j-mi 
late  with  tani:in.  This  can  he  repc:ited  a  imnib^r 
lini"': ;  ilirje  lesults,  however,  are  gradually  ohtjiiii''i 
a  lc«*  extent,  and  at  k-ngi'i  the  flesh  is  coiivt-rttil  r:n 
s'.ihiiance  strongly  rcsLr.ibling  cheese  *. 

•  ^^.^Wlr..  J^  '.i  S,.l:ul  d'.'\iciieil,  urn.  i.  i', 
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WbeD  the  air  is  excluded,  and  the  flesh  is  immersed 
tinder  water,  it  sufTers  a  peculiar  species  of  decomposi- 
tion! '1  consequence  of  which  it  is  converted  into  z  fatly 
manor  like  spermaceti, — a  change  which  is  to  be  consi- 
dered under  rhe  history  of  the  general  chemical  changes 
to  which  animal  matter  is  liable. 

Exposed  to  heat,  it  affords  all  the  usual  products  ariung 
from  ilie  decomposition  of  animal  matter.  Derihollet,  ex> 
amining  the  acid  which  it  affords,  found,  that  it  is  of  a 
peculiar  nature;  he  named  it  the  Zoomc ;  but  tt  has  since 
I  been  discovered  (o  be  merely  the  acetic.  Five  hundred 
grains  of  the  washed  muscular  fibre  of  beef,  left,  in  Mr 
Hatchet's  experiments,  108  grains  of  charcoal,  which,  by 
inctncration,  afTorded  25.G  grains  of  earthy  residuum,  the 
greater  part  of  which  was  carbonate  of  Hme,  with  a  small 
proportion  of  phosphate,  and  a  little  pure  lime. 

Tite  acids  decompose  the  muscular  fibre,  with  results 
nearly  the  same  as  those  produced  by  their  action  on 
fibrin.  The  action  of  nitiic  acid  has  in  particular  been 
examined,  and  is  important.  liertholtei  long  ago  remark- 
ed, that  it  caused  an  evolution  of  nitrogen  gas,  Mr 
Ufttcfaet  has  shown,  that  washed  muscular  fibre,  acted  on 
l»y  nitric  acid  diluted  with  three  p.LnE  of  water  in  the  cold, 
BS  converted  into  a  subtttancc  soluble  in  boiling  water,  and 
Analogous  to  gelatin  i  the  acid  at  the  same  time  acquir- 
saw  a  yellow  tinge ;  and  the  residual  matter  consists  prin- 
cipally of  fat,  with  a  portion  of  undecomposed  muscular 
^abre.  When  the  washed  flesh  was  acted  on  by  boiling 
acid,  it  was  dissolved  ;  the  solution  was  of  a  yellow 
ir,  and  a  portion  of  fatty  matter  floated  on  the  sur- 
thrcw  down  a  precipitate  of  ox.ilate)  with 
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tte  phosphate  of  lime  :  ox^ic  acid,  Uierefote^  tuitei 
formed.     When  the  recent  inuac1c>  without  anj  pfq»n- 

I  ttOHi  vas  dissolred  in  iiicric  acid,  the  solution,  whtn  »- 

f  tuiaicd  with  ammonia,  became  of  a  deep  orange  coloni: 
t  also  formed  aniinid  soap  with  the  alkalisj^pbenoiBtni 
imiicdting  the  presence  of  albumen  '. 

The  action  of  nitric  acid  on  the  muscular  fibrrbub«ca 
more  lately  examined  still  more  minutely  hf  Foutcroy  sni 

^  Vauquelin  ;  and  some  important  results  have  been  esui>- 

I  Uftbed,  though  only  a  very  imperfect  statement  of  that 

I  kas  b«cn  published  f. 

L  mixture  of  mnscuhr  fleeh,  with  an  equal  quasttty^ 

J  Oitric  acid  and  of  water,  being  heated  in  a  matrast,  gnt 
t  an  elastic  fluid,  found  to  consiU  of  nioe-lcnttu  nill^ 

'  ^en  Slid  Dne-tent!i  carbonic  acid.     The  residusm  couiA- 
ed  of  the  remains  of  the  fleihj  still  retaining  in  part  iu 
fibrous  appearance,  of  a  vellovv  liquor,  and  of  a  jeikv 
faily  matter,  collected  on  the  surface  of  the  liquor.  Thit 
being  removed,  and  iho  liquor  filtered,  the  residual  iibrccs 
matter  was  found  to  have  the  following  properties  :  it  gjr 
to  boiling  water  a  yellow  colour,  and  the  property  of  red- 
dening vegetable  blues  ;  and  even  after  having  been  re- 
peatedly washed,  it  continued  to  give  colour,  ihoi;gh  w 
longer  acidiiy.     Washing  rendered  its  colour  deeper  tr,iB 
at  fiist ;   and  when  diffused  in  a  little  water,  it  teliiw^ 
litniu^'pa|jer.       Its  solution  in  alkalis  was  of  a  biooJ-K- 
colour:  atiai  prccipir;'.tcd  it  in   yellow    flakes,     h  Seeli 
greasy  and  pitcliy  ;  lias  a  rancid  smell,  and  a  bitter  m'^- 

•  PlilKi^iiphical  Transattions,  1800,  p.  3!)!.  SW. 
+  A-niaU-,.  i!i.  Cliimic,  lotn.  Ivi.  Nicliol»on's  .loumal,  >i>i  '  ■ 
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and  melts,  swells,  and  gives  an  oily  vapour  when  heated. 
Bj  3,  farther  examination  it  was  found  to  £a[UT;)te  alkalis, 
so  as  nearly  to  disguise  their  properties :  its  combinaiions 
with  poiassa  and  ammonia  lathered  like  soap  and  water, 
and  are  not  decomposed  by  carbonic  acid.  The  yvllow 
RiatEcr  even  decomposes  the  alkaline  carbonates  in  die 
cold  with  effervescence,  and  likewise  tl>e  solution  of  ace- 
tate of  potassa,  with  the  assistance  of  a  gentle  heat. 

From  these  properties,  it  might  be  suspcctcO,  that  this 
product  was  not  pure,  but  r:ither  in  a  state  of  intermix- 
mre  *  and  accordingly,  by  the  application  of  alkohol,  it 
was  found  to  consist  of  a  small  quantity  of  unctuous  mat- 
ter, which  the  alkohol  takes  up,  and  of  an  acid,  which, 
from  its  colour,  these  chemists  have  named  Yellow  Acid. 
This  acid,  when  freed  from  the  fat  which  disguises  its 
properties,  is  of  a  deeper  colour,  reddens  more  btroi^ty 
tbe  vegetable  colours ;  it  no  longer  melte,  and  does  not 
exltalc  the  odour  of  burnt  grease,  but  fa:tid  and  r.mmo- 
niacal  vapours-  It  combines  with  ammonia,  whkh  it  d^ 
piivci  of  its  odour.  Dissolved  in  fat,  it  communicates  to 
it  acidity  and  rancidness.  Subjected  to  destructive  distil- 
lation, it  gives  the  usual  products  of  the  decomposition  of 
aoimal  matter. 

The  combiiution  of  the  yellow  acid  with  the  fat,  on  be- 
iog  again  submitted  to  the  action  of  nitric  acid,  underwent 
no  remarkable  alteration,  except  that  its  colour  changed 
from  yellow  to  white,  and  its  bulk  and  specific  gravity 
wen  diminished. 

The  acid  liquor  obtained  in  the  above  procoM  was  neU  I 
esamiaed.    It  had  a  yellow  colour :  when  saturatrd  with 
(arlKmate  of  potassa,  its  colour  changed  to  orange :  after- 


wards  it  became  turbid,  and  deposited  a  small  quaotitycf 
orange-red  powder.  Bj  disiillaiton,  a  dear  colourless  li- 
quor, of  a  rancid  taste,  containing  a  little  ammonia,  wat 
obtained.  On  distilling  the  liquor,  without  the  prerioni 
addition  of  carbonate  of  potass  a,  a  similar  colourless  fiuid 
passed  over :  what  remained  in  the  retort  had  become  yel- 
low by  concentration  :  when  concentrated,  crystals  fona- 
ed  in  the  midst  of  a  liquor,  riscid,  and  having  an  acrid 
bitter  tasic  :  on  the  addition  of  a  little  pota&sa,  it  becaine 
of  a  blood-rcd  colour:  mixed  with  allcohol,  ic  gsve  a  pre- 
clpitaic,  consisting  of  a  mixture  of  sulphate  of  lime  and 
super-oxalate  of  potassa.  It  ga?e  a  second  precipitate 
with  lime-water,  consisting  of  oxalate  of  lime.  After  this 
double  operation  of  alkohol  and  lime-water  on  this  con- 
centrated liquor,  on  being  gradually  evaporated  farther,  it 
became  converted  into  a  brown  viscid  ayrup,  of  a  tntter  * 
i.isio;  which  being  ng.Mii  mixed  will- .iltohol,  threw  dt^wn 
a  ccj'ious  precipitate  of  m:ihte  of  lime,  the  alkoho!  re- 
l;iiiiing  dissolved  a  portion  of  yellow  acr^l  matter. 

From  these  facts,  it  is  concluded,  to  use  the  words  of 
the  memoir,  "  That  the  ni  jscles  contain  potash,  lime,  and 
sulphuric  acid,  or  pcrhiips  sulphur  burned  by  nitric  acid  : 
That  a  portion  of  the  mu-:cubr  (ibrc,  cr  rather  the  cellu- 
lar membrane  with  which  it  is  enveloped,  is  converted  by 
the  action  of  the  nitric  acid  into  oxalic  and  malic  acids- 
The  alkohol  employed  in  llie  separation  of  the  malate  of 
lime  held  in  solution,  1st,  A  small  portion  of  nitrate  of 
liniL'.  2dly,  A  very  bitter  re<l-brown  tiiitier,  pofsessing 
the  il.ivour  of  wjlnut  rhiiids,  of  wh\di  more  will  be  said 
iioreaftcr.  adly,  A  small  (]iiaiiiity  of  that  detonating  m.ii- 
tiT  ;ilready  found  in  in.li^o  ;   ii  was  id  thij  caic  obtjii.cd 
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by  concentrating  the  alkoholic  solution^  and  separating  it 
hj  the  addition  of  carbonate  of  potash,  in  the  form  of 
granulated  crystals,  very  inflammable,  and  detonating." 

<<  The  disengagement  of  azotic  gas,  the  formatioi^of  car« 
bonic  acid,  of  fat,  of  oxalic  acid,  and  of  a  bitter  suMlance, 
constitute  the  whole  that  was  known  respecting  the  treat- 
ment of  animal  substances  by  nitric  acid  :  to  this  is  now 
added  the  discovery,  1st,  Of  a  yellow  insipid  matter,  of 
little  solubility^,  though  acid,  and  which  immediately  suc« 
ceeds  the  fleshy  fibre.  2dly,  Of  another  yellow  matter, 
bitter,  more  soluble,  and  equally  acid,  which  remains  dis- 
solved  in  the  nitric  liquor.  3dly,  Of  an  inflammable  de* 
tonating  substance,  which  is  also  retained  in  solution. 
4thly,  and  lastly,  Of  the  formation  of  malic  acid.  It  ap- 
peats,  and  is  the  opinion  of  Messrs  Fourcroy  and  Vauque* 
lin,  that  the  yellow  and  nearly  insoluble  matter  is  the  first 
degree  of  change  produced  upon  the  muscular  fibre  :  it 
passes  quickly  to  the  second  degree  of  alteration  and  of 
acidity,  whose  product  is  the  more  soluble  yellow  matter; 
this,  by  a  third  degree  of  alteration,  is  succeeded  by  the  - 
inflammable  detonating  substance,  being  the  third  and  l«st 
term  of  the  decomposing  action  of  nitric  acid.  The  au- 
thors of  this  memoir  attribute  the  successive  formation  of 
these  compounds  to  the  subtraction  of  part  of  the  azote, 
and  of  a  more  considerable  portion  of  the  hydrogen  !  by 
this  means  the  proportions  of  their  elements  are  changed, 
and  there  remains  an  excess  of  carbon  and  of  oxygen, 
which  produces  the  state  of  fat  and  acidity  already  no- 
ticed. They  examin^  if  the  acidity  of  the  yellow  sub- 
stances might  in  any  measure  arise  from  nitric  acid ;  but 
after  a  careful  investigation,  they  were  satisfied  that  it  was 


The  yellow  principle  which  they  hav 
appears  to  hiTC  some  relation  with  the 
to  the  reporter  of  these  esperiments, 
biliary  concretions^  when  separated  froi 
matter  with  which  it  is  combined,  disp 
perties  with  the  yellow  fibrous  matter. 
milar  to  tt  too^  was  obtained  from  the 
labouring  under  jaundice,  by  evaporatin 
it  with  alkohol.  They  suppose  eren» 
gives  the  yellow  colour  to  bile. 
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The  toft  solids,  enumerated  under  tl 
close  analogy  in  theii  properties,  and 
same  mailer  under  very  slight  modifia 
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Epidermb ;  and  beneath  this,  a  thicker  and  finner  layer, 
die  Cu^  or  true  skin.  Between  these,  has  been  described 
Vj  anatomists,  a  cellular  texture,  soft  and  gdatinous. 

The  first  of  these,  the  Cuticle,  is  nearly  inorganic. 
When  separated  from  the  other  parts,  which  it  piay  be 
in  the  living  animal,  by  the  application  of  a  blister,  or 
when  the  skin  has  been  detached  by  maceration  in  hot  wa- 
ter, it  appears  extremely  thin  and  transparent.  It  is  in- 
solidde  in  water,  eren  by  long  boiling,  a  pioperty  in  which 
it  differs  from  the  true  skin,  which  may  be  dissolved  :  it 
is  merely  softened,  and  reduced  into  small  particles.  It 
is  equally  insoluble  in  alkohoh  Solutions  of  the  alkalis, 
however,  dissolve  it  easily,  forming  a  kind  of  soap ;  a  mu- 
tual action,  which  we  perceive  well  exemplified  between 
these  substances,  in  rubbing  a  little  of  an  alkaline  ley  be- 
tween the  fingers,  the  soapy  feel  being  strong.  Lime 
acts  on  it  as  a  solvent ;  and  hence  the  advantage  of  lime 
in  the  operation  of  tanning :  it  removes  the  epidermis,  and 
allows  the  true  skin  to  be  penetrated  with  the  tanning  li- 
quor from  each  surface.  The  acids  decompose  it :  sul- 
phuric acid  forms  with  it  a  kind  of  soapy  pulp,  and  chars 
it :  nitric  acid  stains  it  yellow. 

The  true  skin,  or  Cutis,  is  thicker  tlian  the  epidermis, 
and  consists  of  layers  interlaced :  it  has  considerable  firm- 
ness and  elasticity.  When  macerated  in  water,  it  swells 
and  softens,  and  the  blood  and  other  animal  fluids  con- 
tained in  it  are  dissolved.  If  boiled  strongly  in  water,  it 
is  entirely  dissolved,  and  this  solution  presents  all  the  cha- 
racters of  gelatin :  it  is  precipitated  by  tannin,  and  by  ni- 
tro^muriate  of  tin  ;  and,  when  evaporated,  forms  a  jelly 
or  glue,  more  or  less  consistent.  Seguin,  in  his  researches 
on  the  art  of  tanning,  had  observed,  that  the  skin  in  its 

Vol.  IV.  Uu 
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dense  state  does  not  easily  combine  with  tannin ;  he  i^ 
gardcd  it,  therefore,  as  gelatin  hardened  by  a  slight  dt» 
gree  of  of  idizemeoc ;  and  on  this  hypothesis,  explaii 
the  effect  of  some  substances,  as  the  gallic  3Cid(  in  p 
moting  the  operation  of  tanning ;  they  partially  de-o 
dized  it,  he  supposed,  and  ihu&  facilitated  its  combinatitB! 
with  the  tannin.  Mr  iUtchet,  without  assigning 
cause,  ha$  observed  also  the  dilference  between  akin 
pure  gelatin,  and  likewise  the  difi'erences  in  the  skin  cl 
different  animals,  In  the  jelly  or  glue  they  afford  by  bcA 
ing  with  water.  There  is  a  gradation,  he  observes,  from 
the  most  firm  and  consistent  glue,  a  amall  portion  of  which 
communicates  viscidity  to  water,  to  a  tremulous  mucilage. 
All  of  them  are  essentially  gelatin,  or  possess  its  chemical 
properties ;  but  they  differ  in  the  degree  of  consistcncey 
which,  when  they  are  all  in  a  solid  state,  they  coramiiaU 
cate  to  water,  and  in  the  facility  with  which  they  are  acted 
on  by  tannin,  nitro-muriate  of  tin,  nitric  acid,  and  olhcr 
re-agcnts ;  those  which  arc  least  consistent  and  viscid  be- 
ing dissolved,  and  acted  on  wiih  most  facility  *,  Tlu 
most  flexible  skins,  he  found,  always  afforded  gelatin  mori 
easily,  and  of  a  less  viscid  quality,  than  those  which  aic 
less  flexible.  In  the  arts,  the  different  kinds  of  size  aiiii 
glue  are  prepared  from  the  skins  of  different  animals,  ac- 
cording to  the  purpose  to  which  they  are  to  be  applied, 
the  skin  being  well  cleaned,  boiled  in  water  until  it  is  dis- 
solved,and  the  decoction  evaporated  to  the  due  consistence- 
Carpenters' glue  is  made  from  the  parings  of  hides  or  hori;-. 
,Size,  which  is  a  softer  glue,  is  prepared  from  thi-  clippings 
of  parchment,  glove  leather,  and  other  liner  kinds  of  iliin. 


■    Piiilosophical   Transactions  !sOO,  p.  .'!G7,  36'^. 
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art  of  tanning  skin,  from  the  operation  of  tannin 
on  its  gebtin,  has  already  (p.  287.)  been  described. 

Acids  act  on  skin,  and  decompose  it.  The  nitrtc  acid 
causes  an  evolution  of  nitrogen  gas  and  prusstc  acid,  and 
a  formation  of  oxahc  acid ;  the  skin',  or  the  glue  formed 
fiom  it,  dissolves,  and  the  liquor  acquires  a  yellow  colour, 
which  becomes  deeper  when  it  is  saturated  with  ammonia. 
Muriatic  acid  dissolves  the  glue  formed  from  skin,  and  thi? 
wlotion  suffers  no  change  for  many  months. 

SIdn  is  also  soluble  in  alkaline  solutions.  The  glues 
fiormed  from  it,  consisting  of  pure  gelatin,  arc  dissolved  by 
tbmn  ■  and  Mr  Hatchet  has  remarked,  that  the  compound 
is  -not  soapy,  as  it  is  when  ihe  gelatin  is  not  pure  but 
mhed  with  any  membranous  part  not  soluble  in  water. 
.  Skin  in  its  moist  stale  is  liable  to  putrefaction  -,  less  so, 
howetet,  the  more  dense  and  firm  it  is  ;  and  this  is  ot^ 
carved  even  in  a  stale  of  solution,  Mr  Hatchet  having  re- 
cnsrled,  that  a  solution  of  glue  is  much  longer  in  show- 
5ng  signs  of  putrefaction  than  a  solution  of  tremulous 
limal  mucilage. 
Skin  is  decomposed  byheat^  and  affords  the  usual  pro- 

;S  of  animni  matter. 
The  Cellular  Fibue,  or  net-work,  the  Rete  muco- 
BUa  of  anatomists,  interposed  between  the  cutis  and  cu- 
'.<it,  has  been  little  examined,  and  indeed  cannot  be  de- 
from  the  other  parts.    It  is  the  scat  of  the  colourt 
this  colouring  maltcr  can  be  acted  on  ihroi^h  the 
«,  the  skin  of  the  negro  being  whitened  by  the  ac- 
of  osymuriatic  acid,  as  Dr  Beddoes  ascertained, 
the  black  colour  is  resumed  in  a  short  time. 
M^MBRAMKS,  whicli  compote  so  large  a  portion 
I?  u  2 


J 


of  the  soft  solids,  forming  the  cellular  texturct  tfic  coin 
of  the  vessels,  and  the  coverings  of  the  viscera,  appear  lo 
be  of  the  same  nature.  They  hare  similar  flexibility,  aad 
dicy  dissolve  more  or  less  completely  in  w»teT|  &niBiig| 
gelatin ouG  solutions: 
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Tvess,  in  their  phyticxl  properties,  arc  diSereat  In 
the  substances  described  in  the  preceding  seciiaa,  pant' 
cularly  in  their  greater  firmness  and  hardness ;  anil  thej 
form  a  gradation  into  those  which  are  still  more  highly 
indiirated,  bone  and  shell.  The  chemical  constitution  of 
some  of  them  has  been  only  imperfectly  investiffateti. 
Ligament,  tendon,  ami  muscl'.',  it  is  observed  by  Mr 
Hiitchei,  seem  to  glide  oimost  imperceptibly  into  each  o- 
thcr  :  they  are  connected  u;iii  c.irtilage,  as  it  is,  on  thi' 
other  hand,  with  horn  ;  and  the  bi^sis  of  all  them  appe;iif, 
from  Mr  Hatchet's  cxperimenis,  lo  be  albumen.  I  hat.' 
therefore  placed  iheni  under  one  section. 

The  Tendons,  which  are  cords  or  flat  sheaths  connect- 
ing the  muscles  with  the  bones,  have  a  great  degree  ol 
toughness  and  elasticity  :  their  texture  is  fibrous.  The? 
are  with  dilTiculty  acted  on  by  water.  It  is  said,  how- 
ever, th:it  from  long  boiling  ihey  are  dissolved,  and  then 
solution  forms  a  jelly  or  glue.  It  is  probable,  that  rhej 
may  afl^ord  so  much  gelatin  as  to  form  a  gelatinous  fluid; 
but  it  m,iy  be  doubted  if  ihcy  arc  entirely  soluble. 

Tlif  l.itJiMENTS  connect  and  bind  the  bones  lo-c;hc: 
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9i  ^heir  articulations :  thejr  are  distinctly  fibrous  in  dieir 
texturei  the  fibres  running  longitudinally  y  are  possessed 
of  great  strength  and  cohesion;  can  be  stretched  out,  and 
have  a  degree  of  elasticity,  and  are  not  easily  broken. 
Wh^i  boiled  in  water,  they  afford  a  portion  of  gelatin, 
die  water  being  rendered  turbid  by  infusion  of  tannin ; 
bnt  the  entire  substance  cannot  be  dissolved,  and  it  even 
silten  rra^ns,  after  the  boiling,  with  its  texture  little  al* 
tered.  It  is  obvious,  therefore,  that  its  basis  is  not  gelatin, 
bttt  appears  rather  to  be  indurated  albumen. 

Caetilage  forms  the  tranu^ion  to  bone :  it  has  so 
nmch  induration,  as  to  require  the  exertion  of  some  force 
to  bend  it ;  and  in  a  morbid  state,  is  often  so  highly  in- 
durated as  to  be  ossified.  Bone,  on  the  other  hand,  is  in 
the  first  stages  of  its  formation  and  growth  cartilaginous ; 
it  sometimes  becomes  so,  too,  from  disease :  and  a  carti* 
laginous  matter  exists  in  the  hardest  bones,  and  forms 
their  basis,  from  which  the  other  ingredients,  the  gelatin 
and  earthy  matter,  may  be  removed  by  their  solvents. 

'  Cartilages  are  solid,  but  soft  and  easily  cut ;  highly 
Mastic,  dense  in  their  texture,  white  and  9emi*transparent. 
They  cover  the  articulated  extremities  of  bones,  or  some- 
form  distinct  parts. 
The  chemical  properties  of  cartilage  ure  not  very  well 
mined,  and  appear  to  vary  in  different  cartilages. 
us  Mr  Hatchet  has  remarked,  that  "  the  cartilages  of 
articnlations  are  completely  soluble  when  long  boil- 
xrMi  wtfter )  but  this  by  no  means  happens  when  other 
ek  are  thus  treated  *."    They  are  stated,  however. 


'   ♦  Hatchet,  Philosophical  Transactions,  1800,  p.  JftO. 


to  be  softened  by  maceration  in  water,  and  by  long  boiU  1 
ing  to  be  nearly  entirely  ditsolved. 

The  tittle  action  exerted  even  by  the  more  powerful 
chemical  re-agents  on  cartibgCt  is  very  well  shewn  by  the 
fact,  that  in  subjecting  a  bone  to  tlie  action  of  diluted  ma-  j 
riatic  or  nitric  acid,  though  the  gebtin  and  thephosphati  ' 
of  lime  are  dissolved,  the  cartilagiiiouB  part  rematas  i 
dissolved)  transparent,  and  prejenting  the  figure  of  the  J 
bone.     This  residual  cartilaginous  matter,  it  is  rcmaiked  i 
by  Mr  Hatchet,  "  is  not  easily  soluble  in  dilute  acids  i  for 
(according  to  its  texture)  many  weeks,  and  even  months 
may  elapse,  before  a  smalt  part  is  taken  up ;  but  in  coo- 
centiated  nitric  acid,  or  in  boiling  dilute  acid,  it  is  npii- 
ly  dissolved." 

As  the  matter  of.  cartilage  thus  obviously  dtflers  fnm;4 
gelatin,  and  as  it  is  compaTativcly  insoluble  and  inactife,  ^ 
it  appears  to  be  what  Mr  Hatchet  has  considered  as  indu- 
rated albumen,  and  which  is  the  basis  of  a  number  of  ani- 
mal solids.  He  accordingly  states  this  principle  as  the 
essential  pan  of  cartilage,  horn,  hair,  feather,  quill,  hoof, 
nail,  ami  shell,  varying  only  in  its  consistency  from  a  soft 
jelly  to  an  elastic,  brittle,  and  hard  body  like  tortoise  shell, 
but  in  nil  of  these  of  simil.ir  chemical  properties.  From 
experiments  on  these  bodies,  which  did  not  give  any  es- 
sential dilFercncc  in  the  results,  it  appears,  that  this  nui- 
ter  is  softened  when  boiled  in  water,  and  the  water  bo- 
comes  slightly  turbid  with  nitro-muriatc  of  tin,  but  sufFen 
no  change  from  the  tanning  principle.  Muriatic  and  sul- 
phuric acids  had  little  eflect  on  it  unless  heated;  and  the 
same  was  the  case  with  nitric  acid  much  diluted,  or  in  ihf 
State  proper  to  extract  and  separate  gelatin  ;  but  if  the 
immersion  in  ilu'  dil'.i;e  .".cid  w:;3  eoiitii.uod  during  soni-' 
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weeV-s,  the  acid  gradually  acquired  a  yellow  tinge^  andy 
nvben  saturated  with  ammonia»  became  of  a  deeper  colour 
without  having  its  transparency  disturbed.  The  substance 
macerated  is  softened  and  becomes  more  transparent: 
if  immediately  immersed  in  pure  ammonia,  its  colour 
changes  to  a  deep  orange,  inclining  to  blood  red,  and  it  is 
f;radualiy  dissolved,  forming  a  deep  orange  or  yellowish 
lirown  liquor.  If,  when  taken  out  of  the  acid,  it  is  well 
"Washed  in  distilled  water  and  boiled,  it  is  dissolved  and 
forms  a  liquor,  precipitated  like  gelatin  by  infusion  of 
ll^uinin  and  nitro-muriate  of  tin.  If  the  nitric  acid  was 
not  sufficiently  diluted,  or  if  heat  was  applied,  the  whole 
was  rapidly  dissolved  with  effervescence,  and  a  discharge 
of  nitrous  ^s  ;  and  the  solution  presented  nearly  the  same 
inoperties  as  that  with  the  dilute  acid.  The  fixed  alkalis 
combine  with  this  principle  in  all  its  varieties,  and  form 
saponaceous  compounds,  ammonia  being  disengaged  du- 
ring the  combination,  and  charcoal  precipitated.  These 
compounds  were  decomposed  by  the  addition  of  an  acid, 
and  a  copious  precipitate  thrown  down,  soluble  in  an  ex*  « 
cess  of  acid,  and  capable,  with  the  alkali,  of  again  form- 
ing soap.  This  principle,  when  distilled,  gave  a  small  por- 
^don  of  water,  some  carbonate  of  ammonia,  a  foetid  empy- 
xeumatic  oil,  carburetted  hydrogen,  and  carbonic  acid  gas- 
ket and  prussic  acid.  Its  coal  affords  little  saline  matter, 
principally  phosphates. 

Mr  Hatchet  was  induced  to  make  some  comparative  ex- 
periments on  pure  coagulated  albumen  dried,  and  found 
llKtm  almost  precisely  the  same,     ^fhere,  can  be  therefore 
fittle  doubt,  that  albumen  is  the  basis  of  the  substances 
^bofe  described,  existing  ih  them^  with  variable  propor* 
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essential  to  the  consttiuiion  of  cartilage,  aod  when 
are  to  be  regarded,  as  Mr  Hatchet  baa  supposed, 
traneous  or  foreign  to  the  composition  *. 

Thii  chemical  nature  of  Horn  is  similar  to  that  oitM- 
tiUge  ;  and,  with  regard  to  physical  qualide»,  it  &Sa 
Scom  it  in  little  escept  in  its  greater  degree  of  indunnoB 
tt  is  hard,  so  as  not  to  be  easily  bent,  unless  when  snia- 
^dally  solrened,  but  it  can  be  easily  pared  or  cut;  iui«- 
ture  is  close  and  smooch,  and  it  is  more  or  less  traoipamt, 
according  to  its  thickness.  When  heated,  horn  it  aoitt*- 
ed,  and  is  then  capable  of  being  moulded  into  any  fon& 

Shavings  and  pieces  of  the  horns  of  diderent  aninnK 
when  boiled  a  long  time  in  water,  were  found  by  Ml 
Hatchet  to  a£Ford  small  quantitiee  of  gelatin,  diMomrf 
by  being  pu'cipitnteit  bv  the  tjiiiiing  principle,  jnd  byni' 
tro-munjte  of  tin  :  tlie  mo3l  fiuxible  horns  yielded  tht 
largest  quantity  of  gehiliit,  .ind  most  easily;  and  whffl 
deprived  of  it,  and  allowed  to  drv  spontaneously,  tlwy 
became  more  rigid  and  more  cnsily  broken  :  this  residsi 
matter  Mr  Hatchet  regards  as  indurated  albumen.  Hr 
found  f.irthcr,  that  they  yield  a  quantity  of  phosphite  d 
lime,  so  small  that  it  can  scarcely  be  regarded  as  m  h- 
sencial  ingredient.  Thys,  .^00  gr.iins  of  the  horn  of  tJn 
ox,  afiorded,  after  a  long  continued  heat,  only  l.JUgriin 
of  resii'.uum,  and  of  this,  less  than  h.ilf  proved  lo  be  jAc*- 
pbate  nf  lioic-|-. 

These  observations  apply  to  the  horns  of  the  oi,  f^i 


•  I'hiiosopliical  Transactions,  1799. 
t  Ibid.  1739,  ISOO. 
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gott>  and  chamois :  it  is  singnlary  that  the  stag's  or  buck's 
horn  is  of  a  Tery  detent  nature,  as  is  evident  from  the 
products  it  has  been  long  known  ta  aflfbrdi  when  decom- 
posed hj  heati  which  are  analogous  to  those  of  bone.  Mr 
Hatchet  has  accordingly  remarked,  that  like  bone  it  af- 
fords much  phosphate  of  lime  and  gelatin. 

Hoof  appears  to  be  not  only  of  a  mechanical  structure, 
but  likewise  of  a  chemical  composition  similar  to  horn  ; 
the  sharings  of  ox's  hoof,  when  long  digested  in  water, 
afibrdtng,  as  Mr  Hatchet  found,  a  liquor  which  was  only 
made  slightly  turbid  by  nitro*muriate  of  tin. 

The  matter  of  the  Nail  is  in  like  manner  softened  by 
digesting  in  boiling  water  for  several  days,  and  afibrds  a 
slight  cloud  on  the  addition  of  nitro-muriate  of  tin. 

Similar  results,  toOj  were  afibrded,  in  Mr  Hatchet's  ex- 
periments,  by  the  horny  scales  of  serpents  and  lizards,  as 
well  as  of  certain  insects,  and  by  tortoise  shell ;  and  there 
can  be  little  doubt  that  these  are  of  the  same  chemical 
composition  as  horn. 

Feather  and  Quill,  chemically  considered,  appear  to 
be  similar  to  these,  and  to  have  the  same  basis  of  indura« 
ted  albumen.  Digested  in  boiling  distilled  water  for  ten 
or  twelve  days,  they  did  not  afibrd  any  trace  of  gelatin  by 
the  test  of  the  tanning  principle,  but  nitro-muriate  of  tin 
produced  a  faint  white  cloud. 

Even  Hair,  though  apparently  very  remote  from  some 
of  these  substances  in  mechanical  structure,  appears,  at 
least  with  regard  to  its  basis,  to  be  the  same  or  nearly  so, 
in  chemical  composition.  Mr  Hatchet  found,  that  when 
it  was  long  digested  or  boiled  with  distilled  water,  it,  like 
them,  imparted  to  the  water  a  small  portion  of  gelatin, 


OF  WOOL,  &C, 

even  in  90  high  a  degree,  that  seme  years  ago  it  WM  [in)- 
poted  by  Chapcat  to  be  employed  as  a  substtnitc  for  oil 
or  fal  in  the  manufacture  of  soap  j  woollen  rag»  of  clip- 
p>ng&  of  wool  being  l^oiled  iii  aa  alkaline  ley  to  satttnuM: 
die  product  is  a  soft  soap  of  a  grey  cohtur,  soluble  in  wa* 
tcr,  and  possessed  of  sufficient  detertive  power  *.  It  hu 
not  been  established  in  use,  partly  as  it  gires  a  grey  coloor 
to  ihc  thread  or  cloth  which  is  difficult  to  remote,  and 
hence  could  not  be  applied  to  linen,  and  partly  from  ill 
disagreeable  smell,  which  is  only  imperfectly  remorrd  hj 
long  exposure  to  the  air.  It  is  not  improbable,  however, 
that  it  may  be  used  with  advantage  incleansing  wool  pl«- 
Tious  to  dyeing  ;  and  from  the  observaiiona  of  Chspcil, 
is  probable  even  that  it  may  act  as  a  mordant. 

From  the  eiperimenw  of  Berthollet  tt  appears,  that 
acted  on  by  nitric  acid  affords  oxalic  acid  and  a  fatty 
ter  ;  the  ssme  products,  with  a  less  proportion  of  the  for- 
mer, being  afforded  by  hair.  He  found  too,  that  wool  is 
dissolved  both  by  sulphuric  and  muriatic  acids,  ammonii 
being  formed,  and  charcoal  dcpo.siteii. 

With  the  substances,  the  clicmical  iiistory  of  whith  has 

iiccted  with  them  in  properties  and  chcmic^il  n-l.itioni. 
The  fiUres  of  ^;!k  arc  spun  by  the  (.Mirrplllar  of  a  species 
of  plulcua,  the  rhalciu  b.imbyx,  a  native  of  Chitia  ;  i!:e 
silk  worms,  hownvcr,  li.ive  beeii  ratiir.ilizod  in  a  nun'.ber 
of  countries,  Tbr  silk  is  incluscd  in  two  small  bags  in 
very  fine  fibres  of  dilllTeiit  sh.ides  of  colcur,  from  a  while 
10  a  more  or  less  faint  yellow  or  red,  sliinini;  from  a  vjr- 
iiisli  witli  wiiicli  it  is  naturally  covered,  nnd  from  wIikIi 

•  NiJi.;'-on'*  Jo-irnal,  ho,  vul.  i.  p.  10. 
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it  deriTCS  stiffnetSi  and  elasticity :  thia  TarnUh  is  soluble 
in  water»  but  not  in  alkohol^  and  its  watery  solution  gives 
a  precipitate  with  tannin^  and  with  several  metallic  salts. 
The  colouring  matter  appears  also  not  to  be  essential  to 
ttlk  i  it  is  soluble  in  alkohol>  and  approaches  in  its  propers- 
ties  to  a  resm.  To  adly)t  it  to  use,  silk  is  freed  from  these 
substances,  principally  by  the  action  of  weak  alkiline  leys, 
soap,  alkohol,  and  diluted  acids^  and  especially  the  muria- 
tic acid  diluted  with  alkohol  according  to  the  process  for 
bleaching  silk,  discovered  by  Beaume  *. 

Silk  is  not  soluble  iu  water,  even  at  a  boiling  heat :  it 
is  equally  insoluble  in  alkohol.  The  alkaline  leys  dissolve 
and  decompose  it,  ammonia  being  evolved.  The  acids 
erode  and  dissolve  it.  Nitric  acid  renders  it  yellow,  dis- 
engages nitrogen  gas,  forms  prusstc  acid,  and,  according 
to  BerthoUet,  oxalic  acid,  with  a  portion  of  fatty  matter. 
Hits  action  was  examined  by  Welter  f,  and  he  discover- 
ed, that,  by  the  repeated  distillation  of  nitric  acid  from 
«ilk,  a  peculiar  matter,  which  he  named  Bitter  Principle, 
was  formed :  it  is  of  a  golden  yellow  colour,  soluble  in 
water  and  in  alkohol,  capable  of  crystallizing  on  cooling, 
inflammable,  and  having  a  very  bitter  taste,  and  which  ap- 
pears to  be  the  same  substance  as  the  yellow  bitter  acid 
more  lately  described  by  Vauquelin,  and  already  noticed, 
•9  formed  by  the  action  of  nitric  acid  on  the  muscular 
fibre. 

Silk  is  decomposed  by  heat,  and  affords  the  usual  pro- 
ducts of  animal  matter.  The  proportion  of  carbonate  of 
ammonia  is  very  large. 


*  Nicholson's  Journal,  4to,  vol.  i.  p.  32. 
f  Annates  de  Chimie,  torn.  xxix.  p.  SOI  • 


The  silk-vorm  forms  an  acid  liquor,  which  vas  iraptr- 
fectly  examined  by  Cbaussier.  On  the  supposition  tlut 
it  was  a  particular  acid,  it  received  in  the  new  nomend*- 
ture  the  name  of  Bombic  Acid  i  but  there  is  much  reJKm 
to  suppose,  that  it  and  some  other  acids  formed  by  insects, 
as  that  by  the  ant,  which  has  been  named  Formic  Acid, 
are  acetic  acid  slightly  disguised. 
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The  Bubstances  to  be  descnbed  under  this  sectio 
distiiiguiahed  by  the  large  quantity  of  earthy  maner  wfaidi  ' 
'   enters  into  their  composition,  and  communicates  to  them 

solidity,  hardness,  and  other  characters  ;  phosphate  of  limr 
being  predominant  in  bone,  carbonate  of  lime  in  shell, 
though  each  frequently  contains  also  portions  of  both  thest 
salts,  ;ind  sumetimei  phosphate  of  magnesia. 

Bone,  which  composes  the  most  solid  and  hard  part  of 
the  animal  frame,  giving  figure  to  the  whole,  and  serving 
as  the  support  of  motion,  and  the  covering  with  which 
many  of  the  organs  are  protected,  presents  some  varieties 
of  stnicture,  and  still  privitcr  diversities  of  form.  In  ge- 
neral, the  bones  appear  lo  be  composed  of  lamiiiK  in  motf 
or  less  perfect  adhesion.  Flat  bones  arc  dense  towards 
the  surface,  while,  in  the  middle  or  inner  part,  the  lami- 
na: separate,  and  the  texture  is  spongy.  In  the  long  cy- 
lindrical bones,  the  external  surface  is  dense  j  but  lowarJs 
the  inner  part  the  density  is  diminished,  a  spongy  or  a- 
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Temous  structure  is  apparent,  and  there  is  a  carity,  in 
which  a  matter  of  a  fatty  nature,  the  marrow,  is  con- 
tained 'f  and  ^  portion  of  this  appears  even  to  be  difiiised 
through  the  more  dense  part  of  the  bone.  Externally, 
die  bones  are  covered  by  a  membrane,  the  Periosteum, 
and  they  are  penetrated  by  blood- vessels^  absorbents,  and 
nerves. 

Bone  admits  of  a  simple  analysis,  by  which  its  imme- 
diate principles  are  discovered.  When  boiled  in  water 
the  decoction  is  found  to  contain  a  considerable  portion 
of  gelatin,  and,  if  the  boiling  has  been  long  continued,  con- 
cretes into  a  jelly  on  cooling.  If  the  bones  be  previously 
rasped,  the  quantity  of  gelatin  obtained  is  much  larger  *, 
and  in  this  way,  as  Proust  has  shewn,  bones  may  be  eco- 
nomically used  to  prepare  a  nutritious  article  of  diet  "*. 

If  a  piece  of  bone  be  digested  in  dilute  muriatic  or  ni- 
tric acid,  the  gektin  and  the  earthy  matter  are  dissolved, 
and  there  remains  at  length  a  firm  cartilaginous  substance, 
presenting  the  figure  of  the  bone.  By  this  experiment, 
then,  cartilage  is  proved  to  be  a  constituent  of  bone. 

If  bones  be  calcined  in  an  open  fire,  the  animal  matter 
they  contain  is  decomposed  and  burnt  out ;  they  lose  their 
charred  appearance,  and  are  at  length  converted  into  a 
white  earthy-like  substance,  retaining  the  figure  and  even 
the  structure  of  the  bone.  This  is  what  the  chemists 
formerly  considered  as  the. earth  of  bones,  and  of  the  na« 
ture  of  which  they  were  ignorant.  Gahn  and  Scheele 
discovered  it  to  be  phosphate  of  lime.  It  is  likewise  se- 
parated during  the  decoction  of  bone  in  water,  especially 
when  the  boiling  has  been  performed  under  increased 


♦  Nicholson's  Journal,  8vo,  vol,  i.  p.  100. 
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ptessare,  by  wliicK  the  temperature  ia  mote  eleraled,  i 
cartilage  sofiened,  and  (he  gelatin  compltrtely  disgcjlred 
is  aUo  dissolved  by  tlic  action  of  an  acid  on  bone. 

During  the  boiling  of  bones  in  water,  a  portion  of  f] 
matter  collects  on  the  surface.  This  may  be  derived  fi 
the  marrow  difTused  through  the  hoae,  and  can  scan 
be  considered  as  essential  to  the  bony  matter. 

By  these  experiments,  then,  bone  is  proved  to  coiuittt 
independent  of  this  unctuous  matter,  of  geUtini  cartilsp, 
and  phosphate  of  lime.  Some  other  principles  appear  to 
be  present  in  smaller  quantity.  Carbonate  and  sulpIiSe 
of  lime  arc  found  in  burnt  bones ;  a  Utile  carbonate  exitti 
in  the  recent  bone ;  but  the  greater  part  of  it  found  in  the 
burnt  boDC)  aa  well  as  the  sulphate,  appear  to  be  products 
of  (he  combustion,  while  the  phosphate  of  lime  is  evideol- 
ly  an  essential  ingredient.  In  the  bonea  of  the  ox,  hcrKt 
sheep,  and  of  birds,  phosphate  of  magnesia  has  been  dis- 
covered by  Fourcroy  and  Vau<iuelin,  while  they  couIJ 
discover  no  trace  of  it  in  human  bones  j  a  singularity  whicl, 
they  observe,  is  probably  connected  with  the  fiiiT,  iha- 
phospliate  of  magnesia  is  contained  in  the  urine  of  n-.v, 
but  not  in  that  of  other  animals-,  that,  therefor^.-,  iiii- 
earth  is  discharged  from  the  human  system  by  thisc\cie- 
tion,  instead  of  being  depusited  in  tlie  bones.  Beii^cliu^ 
has  however  discovered  a  portion  of  it  in  human  bont- ; 
and  he  has  farther  detected  a  portion  of  fluate  of  lime  in 
bones. 

The  proportions  of  these  principles  must  difl'er  in  bonei 
in  different  states  ;  in  the  bones  of  young  animals,  the  ge- 
latin and  cartilige  are  in  larger  proportion  than  in  niotf 
advanced  age.  The  ijuaiuity  of  gelatin  extracted  by  boil- 
ing in  water  i.-  from  -.3  to  30  from  100  parts,  and  there- 
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maiuder  is  principally  phosphate  of  lime.  The  phosphate 
of  magnesia  is  always  in  very  small  quantity^  not  exceed- 
ing  two  in  100  parts;  and  the  fluate  of  lime,  according  to 
the  experiments  of  Berzelius,  is. in  not  much  larger  pro- 
portion *.  Ox-bone,  according  to  an  analysis  given  by 
Foarcroy  and  Vauquelin,  consists  of  gelatin  51,  phosphate 
of  lime  S7.7,  carbonate  of  lime  10,  phosphate  of  mag- 
nesia 1.3  f .  Fish  bones,  according  to  Mr  Hatchet,  con* 
tsujn  more  cartilagmous  matter  relative  to  the  phosphate 
of  lime  than  the  bones  of  quadrupeds. 

Berzelius  has  given  the  following  table  of  the  compo- 
sition of  bone,  and  the  enamel  of  teeth.    . 

Dried      •   Enamel  of     Bones  of    Enamel 


Hunan 
Bonet, 

Human 
Teeth« 

■ 

Omtu 

of  Oxen 
Teeth. 

Cartihge        -             32.17 
Blood*>vessels        -         1.13 

• 

] 

33.30 

3.56 

Fluate  of  lime        -       2.00 

3.2 

d.30 

4.00 

Phosphate  of  lime    -  51.04 

85.3 

55.85 

81.00 

Carbonate  of  lime    -   1 1 .30 

8.0 

3.85 

7.10 

Phosphate  of  magnesia  1.16 

Soda,  muriate  of  soda,  1  \  ^^ 
water,  &c.               S  *-^" 

1.5 
2.0 

2.05 
2.45 

3.00 
1.34 

100  100  100  100 


The  following  table  has  been  given  by  Merat-Guillor, 
of  the  composition  of  the  bones  of  diflPetent  animals,  and 
some  similar  substances,  the  proportions  being  rcfen^d  to 
1 00  parts  X' 

^  Philosophical  Magazine,  vol.  xxviii.  p.  306. 
f  Nicholson's  Journaly  vol.  viii.  p.  87^ 
X  Annales  dc  Chimici  torn,  xxxiv.  p.  71. 
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1 
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17 
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1 
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IJ 
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10          3 
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0 

liO         * 
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1.5 

0 

50         * 
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0.5 

0 

53.;     ,<* 
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0 
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s 

0 
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From  tbe  composition  of  jbones  may  be  better  mider* 
stood  the  changes  they  suffer  from  beat,  or  from  the  oper« 
ation  of  re^agents. 

When  exposed  to  beat  in  close  Tessels^  arery  large 
quantity  of  carbonate  of  ammonia,  with  a  portion  of  fee* 
tid  oil,  are  obtained  from  the  decomposition  of  the  gela« 
tin;  and  this  process  is  even  followed  on  a  large  scale,  to 

procure  ammonia*  The  water  whidi  distils  over,  contains 

»  » 

alio,  according  to  Fourcroy,  a  little  prussic  and  sebacic 
acids  saturated  with  ammonia ;  and  carbonic  acid,  carbu* 
retted  and  4ulphufetted  hydrogen  gases  are  disengaged 
during  the  distillation.,  When  heated  in  an  open  fire, 
the  oil  of  the  bone  is  melted,  appears  on  the  surface^ 
and  bums  wkh  a  foetid  odour ;  the  products  of  the  de^ 
compontion  of  the  gelatin  and  cartilage  being  also  disen« 
gaged.  The  bone  retains  still  its  figmre ;  is  charred ;  but 
by  continuing  the  application  of  beat,  it  may  be  burnt  per-f 
fectly  white,  of  there  remains  merely  the  earthy  salts  of 
the  bone.  This  forms  a  porous  mass,  which  cannot  be 
▼itrified  but  by  a  very  intense  heat 

The  analysis  of  burnt  bones  is  effected  by  the  agency 
of  the  acids.  When  the  acid  is  added  to  the  burnt  bone 
in  powder,  a  lively  effervescence  is  excited,  from  the  dis« 
engagement  of  the  carbonic  acid  of  the  carbonate  of  lime; 
the  gas  has,  at  the  same  time,  a  pungent  smell,  which  hae 
been  ascribed  to  the  presence  of  prussic  acid,  but  may  be 
owing  to  fluoric.  If  sulphuric  acid  has  been  employed  in 
the  decomposition,  a  large  quantity  of  sulphate  of  lime  is 
formed,  and  a  super-phosphate  of  lime  is  produced,  solu« 
ble  in  water,  and  therefore  carried  off*  by  washing,-^a  pro* 
cess  which,  as  has  been  already  remarked,  is  followed  to 
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pracwe  that  Qcid  for  the  prepnTation  of  ptiuspborMS. 
iusioad  of  euipfauiit,  nilric  acid  be  etnpioyed  in  ihc  ana* 
lyiU,  tlio  constituent  parts  of  the  burnt  ixme  are  better 
diacoN'ered.  It  is  entirely  dissulred ;  the  carbonic  acidof 
(ho  carbonate  of' lime  contained  in  the  burnt  bone  i}dia> 
engaged  during  the  solution,  and  may  be  cotleeted :  til! 
phoephate  of  Jima  may  be  pri^cipitated  by  the  adc^tion  of 
pure  ammonin  :  by  adding  to  the  retidual  liquor  nitrate  o|> 
bnryteB,  sulphuric  acid  i»  detected  }  and  from  the  quan^' 
ty  of  precipitate,  the  proportion  of  sulphate  of  lime,  frooi' 
the  decomposftion  of  which  it  had  originated,  may  be  iiK 
ferri'J.  To  discover  the  quaotily  of  lime  which  had 
combined  with  tlie  carbonic  acid  disengaged  during  ihft- 
solution,  Mr  Haichet  added  carbonate  of  inimouu,  aaSt 
obtained  a  precipitate  of  carbonate  of  limCi— a  method  nok' 
altogether  unesceptionablc,  since  the  precipitate  mi^  i^ 
part  arise  Jn  consequence  of  the  operation  of  a  complex 
uffiuiiy  from  tue  sulphate  of  hine  in  solution  ■,  or,  where 
this  had  been  decomposed  by  a  previous  addition  of  nitrate 
of  baryies,  froui  tlie  nitrate  of  lime  which  must  thus  hare 
rcmairii'd  in  the  liquor.  The  quantity  produced,  liowevcr, 
Mr  H-.itclK-t  oK'^erves,  was  much  greater  than  the  quanti- 
ty of  iulpburic  acid,  indicated  by  the  precipitation  by  ba- 
rytes,  could  have  satur.i!ed  ;  and  hence,  as  well  as  from 
tiic  di.ien^rigemeril  of  carbouii:  acid  duriug  the  soluiion, 
the  i-xoicLice  of  cirboiiato  of  lime  in  the  burnt  bone  is  Je- 
mi  lisp  .v.L-d.  'I'he  (:!io-^pS.ite  of  magnesia,  which  Foutcro- 
■Md  V,';i.|i:fl'n  disrovi't.^d  in  the  burnt  boiicj  of  the  iui.'- 
:-.K.:  :.  .'.iTtiil.-,  w^.  I'ciec'.ed  by  precipiiaiing  tlio  liquor  lo- 
;jl;<c.1  iiy  w:isiiiiij:  die  mixture  of  burnt  bones  and  si.ip!  a- 
iw  .L-1,!,  w!'.:vi>  iiad  i>'.ood  for  some  d:,vs,  bv  li,ti:!;o:i-j. 
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adding  the  ammonia  in  excess.  The  precipitate  consists 
<lf  phosphate  of  lime  and  phosphate  of  magnesia  and  am- 
monia :  to  separate  these,  it  was  boiled  in  a  solution  of 
potassa^  which  disengages  the  ammoniai  and  attracts  the 
apid  of  the  magnesian*ammoniacal  phosphate,  learing  the 
magnesia  mixed  with  the  phosphate  of  lime.  These  are 
•epwrated  by  boiKng  them  in  acetous  acid,  which  dissolves 
the  formeri  leaving  the  latter  undissolved :  from  the  solu- 
don  of  acetate  of  magnesia,  the  magnesia  may  be  preci- 
pitated by  carbonate  of  soda  ;  and  the  carbonate  of  mag- 
aessay  if  free  from  lime,  will  form  a  transparent  solution 
with  sulphuric  acid  *.  The  quantity  of  phosphate  of  mag- 
nesia amounts  to  about- a  fortieth  part  of  the  calcined  bone. 
The  sulphate  and  carbonate  of  lime,  indicated  by  the 
analysis  in  cakined  bone,  or  at  least  the  greater  part  of 
dMnftf  may  be  products  of  the  calcination,  and  not  consti- 
taent  parts  of  the  bone.  In  the  bony  matter,  there  pro- 
bably exists  more  lime  than  the  phosphoric  acid  can  sa- 
turate :  carbonic  and  sulphuric  acids  will  be  formed  du- 
ring die  calcination  of  the  bo^k  from  the  decomposition 
^rf  the  animal  matter,  of  whichthe  basas  of  these  acids  arc 
entc;  and  the^e  acids  will  be  attracted  by  the  excess 
lime.  A  portion  of  carbonate  of  Itme  is  indeed  indi- 
in  recent  bone  by  Mr  Hatchet's  experiments,  a  slight 
Mvescence  attending  its  solution  in  an  acid  ^  but  the 
intity  appears  to  be  inconsiderable,  and  by  Merat-Guil- 
it  is  stated,  in  the  bones  of  land  aninuls,  to  amount  to 
more  than  1.3  in  100  parts  f. 


*  Nicholson^v  Journal,  vol.  viii.  p.  66. 
f  Annalca  dc  Chimie,  toiu.  xxxiv.  p.  71< 
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The  entire  quantity  of  lime  and  of  phosphoric  acid  connfl 
tained  in  bones,  mny  probably  be  best  determiQed  by  di»  1 
mctliod  pointed  out  by  FourcToy  and  Vauquelin,— prectr  I 
pitation  of  the  lime  by  oxalic  acid  from  the  solution  dS  I 
(he  calcined  bone  in  diiuled  nitric  acid.  The  Tiquid  nuf.  I 
be]  evaporated,  and  by  a  strong  heat  the  nitric  acid  etn  I 
pctled,  leaving  the  concrete  phosphoric  acid ;  or  (he  phot*  I 
plipric  ucid  miy  be  precipitated  by  acetate  of  lead. 

The  acids,  as  has  already  been  remarked,  act  on  recent 
bonei  dissolve  Us  earthy  matter  and  its  gehlin,  leaving  the 
cartilaginous  put  undissolved ;  and  from  this  aolution 
phosphate  of  lune  may  be  precipitated  by  an  alkali,— a 
proof  of  its  previous  existence  in  the  bone. 

The  alkalis  h.ive  little  effect  on  the  earthy  mitter  of 
bone,  but  they  dissolve  the  gelatinous  and  oily  matter.       _ 
The  earthy  substance  of  bones,  it  hu  been  ainady  l#  ■ 
.ii^iiktd,  Ii:is  ail  aUrjction  to  some  kiiids  of  colouring  mat- 
tiT  ;  hence  the  bones  of  a  living  animal  can  be  tinged  by 
colouring  substances  mixed  with  the  food. 

Bones  are  not  much  liable  to  spontaneous  decomposi- 
liou  ;  even  the  animal  matter  they  contain  suffers  little 
change  for  a  long  period  ;  the  re- action  of  its  elements,  as 
wtII  as  the  action  of  air  and  humidity,  being  pTevenied 
by  (he  solidity  communicated  by  the  phosphate  of  lime. 

Fossil  bones,  or  those  which  have  been  long  buried  in 
the  earth,  and  have  in  consequence  undergone  some 
thanges,  particularly  from  the  infiltration  of  carbonate  ef 
lime,  were  examined  by  Mr  Hatchet.  The  animal  mst- 
ter  appeared  to  hjve  been  completely  removed  i  and  the 
phosphate  of  lime  remained  intermixed  with  the  c.itbcn- 
■.^•c  of  lime  which  had  been  introduced  ;   the  hirer  s-1)- 
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•tance,  by  its  cshemical  agency,  probaUyhaTing  contribu- 
ted to  the  decomposition  of  the  animal  matter.  Vauque* 
tbif  fai  ezamiliing  fossil  bone  or  ivory,  found  in  different 
apedmttis,  diffisnsnt  quantities  of  animal  matter  remain- 
imgf  lome  losing  4r5pir  ctnt.  by  calcination,  others  not 
■Mftthan  15*. 

The  body  of  the  teeth  of  animals  is  evidently  bone, 
'and  it  psesents  the  same  chemical  results.  It  dissolves,  Mr 
Hatchet  remarfcsy  with  a  feeble  efiervescence  in  dilate  ni^ 
tiic  acid,  leaving  its  cartilaj^nous  basis  retaining  the  shape 
ml  tbe  tooth.    But  the  external  covering,  or  Em^mel,  is 
dMcieiit,     Mr  Hunter  remarked,  that  when  immersed  in 
«i  acid,  it  left  no  cartilaginous  part,— an  observation  con» 
by  Mr  Hatchet,  who  likewise  found,  that  when 
to  heat,  it  emitted  little  ornosmokeorempyreu- 
■Mttic  odour.     Josse,  in  his  examination  of  the  teeth,  ob- 
the  same  results,  and,  when  boiled  in  water,  the 
gave  so  slight  a  precipitate  with  tannin,  u 
Mttcelf  to  indicate  the  presence  of  gelatin  \  neither  was  it 
iirfuined  by  boiling  in  water  under  increased  pressure  f* 
Ih  appears,  theiwfore,  to  be  nearly  destitute  of  animal  mat* 
ier.     It  dissolves  readily  in  acids,  with  a  slight  effervcs- 
,  as  f)r  Blake  remarked,  and  Josse  has  confirmed, 
appears  therefore  to  consist  of  phosphate,  with  car- 
afe of  lime. 
^  The  presence  of  fluoric  acid  combined  with  lime  in  the 
1  of  teeth  was  announced  by  Morichiiii,  an  Italian 
;  -^dheroist.     He  first  observed  it  in  the  en*ini'.'i  'jr  outer  lay- 


*  Philosophical  Mi^azinCi  vol.  xxv.  p.  265* 
^  Nft'hobon^s  JoumaU  Svo,  vol.  ▼.  p.  38. 
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er  of  the  fossil  tecdi  of  the  elephant,  which  he  fotiad  te 
be  oomposed  almost  entirely  of  flualc  of  lime,  while  tbc 
body  of  the  teeth  was  composed  of  phoephuc.  And  on 
afterwards  submitting  the  enamel  of  human  teeth  to  the 
same  trials,  he  found,  that  it  too  contained  a  large  pro* 
porilon  of  Huate,  vapours  of  fluoric  acid  being  exhaled 
when  the  enamel  was  acted  on  by  sulphuric  acid,  dj 
Lussac  50  f.iT  confirmed  this  discovery,  as  to  prore  the 
existence  of  fluateof  lime  in  ivory,  copious  vapour?  of  flu- 
Otic  acid  being  exhaled  from  it  when  concentrated  sulphu- 
ric acid  was  poured  upon  it  •.  And  with  this  the  cxp«- 
.  rimenis  of  Fourcroy  and  Vauquelin  agree,  fluate  cf  lime 
appearing  to  exist  in  smxU  quantity  in  fossil  ivory,  espe- 
cially in  that  stale  in  which  the  animal  matter  hid  bettt 
most  completely  removed  f-  These  chemists  have  been 
unable,  however,  to  discover  finoric  ^d  in  new  iretf  « 

ill  ihe  enamel  ;  aiu!  Mr  Brjmie  likewUe  found,  that  when 
enamel  is  subjected  to  the  action  of  sulphuric  actd  aided 
by  heat,  no  v.ipours  but  those  of  sulphurous  or  sulphuric 
attd  are  exhaled  J,  Its  existence,  however,  in  the  enamel 
of  human  teeth  and  oxen  teeth,  as  well  as  in  the  bones  of 
animals,  has  been  confirmed  by  Berzelius. 

The  Shells  with  which  the  bodies  of  many  marine, 
and  also  a  number  of  land  aniniitls  are  covered,  are  ob- 
viously analogous  in  their  structure  to  bone.  It  w.'.i 
therefore  interesting  to  determine,  how  far  sheil  is  simil.ir 


'  Piiilosopliical  Mijjaziiie,  lol.  xxili.  p. 

t  Ibid.  vol.  XKv.  p.  -JUS. 

X  Nicholson's  Jounial,  vol.  xiii.  p.  'J  I  I 
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to  bra^  in  its  diemical  compositiiHi.  The  general  differ'* 
ence  between  them  was  known  1  for,  while  phosphate  of 
lime  is  the  basis  of  the  one>  it  was  known,  that  carbonate 
of  lime  exists  in  much  larger  quantity  in  the  other.  Mr 
Hatchet  undertook  the  examination  of  this  subject,  and, 
as  the  result  ^f  it,  established,  that  shell  and  bone,  in  their 
difierent  T^riedeSf  constitute  as  it  were  two  genera,  in 
both  of  which  animal  matter  is  contained,  but  in  the  one 

*  this  is  indurated,  by  phosphate^  in  the  other  by  carbonate 
of  lime ;  and  these  are  connected  by  a  certain  order  of 
substanceS|-r-the  crustaceous  coverings  of  certain  marine 
animals,  and  likewise  some  of  the  species  of  zoophytes, 
in  which,  with  the  animal  matter,  are  intermixed  Tariabie 
proportions  both  of  carbonate  and  phosphate  of  lime* 

In  JMx  Hatchet's  experiments,  the  shell  submitted  to  ex- 
amination was  immersed  in  acetic  acid,  or  nitric  acid  di« 
Ittted  with  4  or  6  parts  of  water.  The  carbonate  of  lime 
was  precipitated  by  carbonate  of  ammoma  or  potassa ;  and 
phosphate  of  lime  (if  present)  was  previously  precipitated 
by  pure  ammonia.  If  any  other  phosphate  was  suspect- 
ed,  it  was  discovered  by  acetate  of  lead«  • 

The  greater  number  of  marine  shells,  he  observes,  are 
of  two  descriptions,  either  of  a  porcellaneous  aspect,  with 
an  enamelled  surface  and  fibrous  texture,  or  they  are  com- 
posed of  the  substance  called  Nacre  or  Mother  of  PearL 
The  first  kind  dissolved  in  the  acids  with  strong  efferves- 

^  cence,  and  their  solutions  afibrded  no  trace  whatever  of 
phosphate  of  lime,  or  of  any  other  combination  of  phos- 
phoric  acid.  They  contained  only  carbonate  of  lime; 
and  the  animal  matter  which  acts  as  a  cement  to  this,  and 
which  Mr  Hatchet  considers  as  albumen  in  various  states 


of  indurntion,  it  in  small  [troponion  ;  hence,  whi 
•hells  nrc  exposed  to  heal,  they  exhale  little  empTreui 
lie  animal  diIout  ;  thi-y  emit  no  amolce :  and  when  i 
solved  in  acids,  little  or  no  ve&ti{;e  of  it  can  be  dtscorered 
by  any  floccalenC  or  gelatinoun  residoum. 

In  shells  of  the  other  desciption  approaching  to  nacre, 
the  earthy  matter  is  also  carbonate  of  lime,  but  it  is  prewDI 
in  much  smaller  prcpfrtion,  while  the  animal  matter  is  in 
hrge  qu.miiiy.  Heiite  these  shells  give  much  smoke, 
and  a  strong  empyrcumatic  odour,  when  exposed  to  heit ; 
2nd  when  acted  on  by  acids,  give  out  less  carbonic  acid, 
snd  leave  a  large  quantity  of  a  membranaceous  or  cartUa- 
^nous  residuum,  retaining  often  the  figure  0/  the  shell. 
This  substance  often  constitutes  a  large  part  of  the  sheU, 
M  in  that  of  the  oyster  or  muscle,  and  b  so  much  indura- 
Ud  IS  to  be  no  toager  gvtatinotis ;  and  in  all  the  riktib  «f 
lliji  division,  it  ^ippr.rrs  to  be  iteposited  in  l,iyer<i,  cmU  ha. 
ving  a  corrcspi:iii((i!g  coat  of  carbonate  of  lime.  M.ithei 
of  pcjfi  itself,  and  likewise  pearls,  were  found  to  be  o( 
similar  structure  and  composition.  Their  waved  appear- 
ance  and  their  iridescence,  are  evidently  the  effects  of  thii 
Umellated  atrangemeni,  and  of  the  nebulous  semi-tr.itii- 
parency  of  the  substances  composing  it. 

An  e!(tensive  cl.is^, — the  zoophytes,  comprehending  the 
varieties  of  madrepore,  miliepore,  tubipore,  were  found  to 
consist  of  carbonate  uf  lime  with  animal  membrane. 

Mr  Hatchet  found,  that  the  substance  analogous  to 
shell,  which  covers  crnstaceou^  marine  animals,  as  ilic 
echini,  crab,  lobster,  8<c.  is  of  difTerent  cc-m  posit  ion.  i: 
had  intleod  the  same  ctmcnti!!^-  animal  nialter,  but  wi:Ii 
'his  were  un>H'il  bo'h  cnrbouatc  and  phosphate  of  linio. 
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forming  therefore  a  substance  intermediate  between  botie 
and  shell.  The  shells  pf  the  eggs  of  Urds  were  of  simi- 
lar composition  i  and  even  some  of  the  zoophytes»  as  vz^. 
rious  species  of  isis,  gorgoniai  &c.  gave  indications  of 
phosphate  of  lime  being  intermixed  with  the  carbonate 
of  which  thej  are  principally  composed. 


SECT.  XVI- 

OF  FAT,  SPEEMACRTI,  AND  SEBACIC  ACIB. 

Fat  appears  to  be  a  secreted  matter,  as  no  traces  of  it 
can  be  discovered  in  the  blood.  As  it  ensts  in  the  ani- 
mal body,  it  is  nearly  fluid,  and  is  retained  in  distinct  mi« 
niite  cells :  after  death  it  is  found  solid,  varying  m  solidi- 
ty, in  different  animals.  To  procure  it  free  fiqm  the  am- 
mal  fluids  and  cellular  fibre  mixed  with  it,  it  is  cut  and 
washed  in  water,  and  is  melted  with  a  gentle  heat,  a  little 
water  being  added,  to  prevent  it  from  being  scorched. 
Fat  thus  prepared,  is  named  Axunge  or  Lard  when  soft  ; 
when  of  a  firmer  consistence  it  forms  Tallowj  and  from 
some  aninials,  as  from  the  whale^  and  other  marine  ani- 
mals,  it  is  obtained  fluid,  forming  animal  oil. 

Animal  fat  has  properties  nearly  the  same  as  those  of 
vegetable  expressed  oil.  It  is  insipid  and  inodorous,  in- 
soluble in  water  and  in  alkohol,  and  is  capable  of  being 
combined  with  the  alkalis,  so  as  to  form  soap.  It  is  in<- 
flammablei  and  cannot  be  volatilized  unchanged. 

Fat|  exposed  to  a  warm  atmosphere,  isliaUc  to  become 


rancid,  anil  is  more  liable  to  this  than  the  regetablc 
Thi*  rancidity  appenrs  to  be  owing  to  absorption  of  ox^ 
gen,  «id  consequent  formation  of  an  acid,  either  fram  w 
okygeniKemeiiE  of  the  fat  itself,  or  of  the  gelatinous 
ter  mixed  with  it.  This  atid  may  be  abstracted  by  wiib*^ 
ii)g  with  water  or  alkobol,  when  the  sweeineu  of  the  fit 
is  in  some  measure  restcied,  while  the  water  acquires  lb>' 
Jiowrr  of  ri-ddening  the  vegetable  colours. 

Fat  melts  from  a  very  moderate  heat ;  lard  becomei 
fluid  ai  92*^  ;  tallow  and  the  fimneT  fats  require  a  heat 
somewhat  higher.  By  continuing  the  heat  or  raising  it 
above  the  oieltiijg  point,  it  suSers  decomposition;  pungent 
vapuurs  arise  from  it ;  and  when  it  is  allowed  to  cool,  it 
is  fuund  acrid  and  of  a  yellow  colour, 

A  umilat  decomposition  is  effected,  by  dUtilHng  b.t  m 
cIo»t)  vessels  :  an  acitl  lli^r  pawes  offer,  with  aa  enpy- 
rfumaiic  oily  matter,  partly  liquid  :inc!  partly  concrete; 
nn  oljstic  fluid,  consisting  of  carburotted  hydrogen  jnd 
carbonic  acid,  is  disengaged,  and  the  residuum  is  mixed 
with  charcoal  :  by  repeating  the  distillation  of  the  oilv 
mattt-r,  a  new  formation  of  these  products  takes  place, 
until  tliL'  whole  is  decomposed.  The  acid  produced  in 
this  distillaiiori,  named  the  Sebacic,  has  been  considettd 
js  a  peculiar  one,  the  properties  of  wiiich  arc  to  be  im- 
mf>di.itfly  stated. 

i'toni  the  products  of  this  decomposition,  fat,  like  ex- 
pressid  oil,  appears  to  be  a  compound  :■(  carbon,  liydro- 
j;en,  and  oxygen.  Ammonia  is  usu.'.liy  mingled  with  tin.' 
products  in  small  quantity  -,  but  if  the  fat  has  been  well 
washed,  it  does  not  .ippoar. 

i'at  is  highly  iiiHamir.jblt',  and  In  burning  gives  mu'Ji 
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light  \  hence  its  use  for  this  purpose ;  it  is  prob:ible«  that 
i>]r  the  high  temperature  in  the  wick  in  the  common  roe* 
thod  of  burning  it,  it  is  decomposed  and  converted  prin- 
cipally into  a  gas  of  the  nature  of  olefiant  gas»  from  the 
combustion  of  which  the  light  originates,  llie  products 
of  this  combustion,  are  water  and  garboiiic  acid. 

Fat  iff  acted,  on  by  the.  acids,  and  the  result  is  different 
according  to  the  acid  employed,  and  the*  manner  in  which 
it  is  applied.  If  nitric  acid  be  added  in  small  quantity,  it 
18  supposed  to  be.  entirely  decomposed,  its  oxygen  ab« 
stracted  by  (he  fat,  and  what  has  been  named  by  the 
French  chemists  Oxygenated.  Fst  formed.  The  process 
they  hafe  giTen,  and.wluch  has  been  received  into  the 
Pharmacopoeia,  is  to  add  to  mched  lard  one*sixteenth  of 
nitric  acid,  stirring  them  thoroughly,  and  keeping  the  ■ 
mixture  fluid  for  some  time.  Nitrk<  oxide  and  nitrogen 
gases  are  evolved,  and  the  lard  becomes  granular  and  of 
a  firmer  consistence.  If  washed  with  water,  any  remain* 
ing  nitric  acid  is  removed.  It  is  ^uble  in  alkohol.  By 
distilling  nitric  acid  repeatedly  from  fat,  Gren  obtained 
acetic  and  oxalic  acids.  Vogei  obtained  saccho^lactic  acid. 
Sulphuric  acid,  even  in  small  quantity,  chars  fat,  render- 
ing it  brown  or  black.  Muriatic  acid  exerts  no  action 
upcm  it. 

-    Fat  combines  with  the  alkalis,  forming  saponaceous  com- 
pounds. 

Fat,  like  the  expressed  oils,  is  capable  of  combining 
with  sulphur  and  with  phosphorus,  when  their  mutual 
action  is  aided  by  a  moderate  heat.  It  unites  too  with  a 
number  of  the  metallic  oxides,  and  forms  with  them  com- 
pounds more  firm  than  the  fat  itself.  From  its  facility  of 
oxidizement  it  can  even  be  made  to  act  on  the  metals. 
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Thus,  if  coppoi  be  covrrrd  with  greast,  and  left  cipbiw 
to  the  air,  its  surface  aoon  becomes  quite  green  i  and 
^uickiiWtr  irituTati-d  witli  lard,  fotms  an  omtncni  trf  i 
blue  colour,  which  becomes  deeper  on  keeping,  and  imm 
which  at  length,  according  to  the  experimeDts  of  wait 
chemists,  scarcely  any  metallic  quicJcsilrer  can  be  obutn- 
ed  ;  while,  according  to  Vogd,  it  still  exists  in  it  villi 
»ery  little  oside  *. 

The  acid  fonncd  from  the  decomposition  of  fat  by  b«t, 
it  was  observed  by  Bergman,  resembled,  in  the  laline  com- 
binationa  it  formed,  the  acetic ;  and  Gren  cooaidcrcd  ii  u 
precisely  the  same  with  that  acid.  Still,  however,  it  pre* 
tented  some  differences  ;  it  continued  to  be  regarded  at  a 
peculiar  acid,  and  in  tbe  modern  nomenclature  was  aain- 
cd  the  Sebacic.  Various  processes  were  given  for  prepare 
ing  it,  of  which  one  proposed  by  Guyton  affords  it  mot 
easily,  and  has  been  generally  followed.  Fat  is  melted  in 
3n  iron  pot  over  a  naked  fire  -,  quicklime  in  powder  is  add- 
ed to  it,  stirring  it  continually,  and  increasing  the  hear. 
When  the  mixture  has  cooled,  on  boiling  it  in  water,  a 
brown  acrid  salt  is  obtained  by  evaporation  of  the  solution, 
which  was  considered  ns  the  sebate  of  lime ;  by  eiposing 
it  to  heat  ill  a  crucible,  the  remaining  oily  matter,  to  which 
the  colour  is  owing,  is  dc'composed,  and  the  salt  is  obtain- 
ed j^urc  and  white,  by  solution  and  crystallization.  If  sul> 
,  phnric  acid  lie  poured  on  it,  the  sebacic  acid  is  disengaged, 
and  being  volilile,  m.iy  be  obtained  by  distillation.  The 
ucid  is  formed  in  ihi^  process,  by  the  di'composition  of  ibe 
f.it  by  the  high  temperature,  and  is  prevented  from  being 

•  Nidioiicn'*  Juiirniil,  vol.   x'iiii,  j..  110. 
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dmipated  by  its  combination  with  the  lime.  As  obtained 
by  distiUationf  it  is  a  liquid  having  un  acrid  suflFocating  o- 
dour,  exhaling  a  white  vapour  when  iii  a  concentrated 
statey  and  having  somewhat  of  au  oily  appearance*  It  red* 
dens  the  vegetable  colours^  is  volatile!  and,  when  transmit- 
ted through  an  ignited  tubCf  is  resolved  into  water,,  car* 
bonic  acid,  carburetted  hydrogen*  and  charcoal*  Its  salts 
are  in  general  soluble  and  crystallizable. 
.  This  acid  has  been  more  lately  examined  by  Thenard  *  -» 
and  according  to  Uie  result  of  his  researcbcSf  it  is  merely 
acetic  acid»  the  pungency  of  its  odour  being  probably  de* 
mti  from' a  little  lulphurous.  acid.  According  to  thb  che- 
mittf  there  is»  however^  a  real  aebacic  acid,  which  had  not 
been  beSovs  observed,  and  which  is  possessed  of  very  dif-* 
ferent  properties*.;  It  is  obtained  by  distilling  lard,  and 
treating  the  iproduct Mrith  hot  water:  to  the  liquor  thiis  pro* 
cured  acetate  of  letfd  is  added :  a  flaky  precipitate  is  formed, 
which  is  dried,  and  heated  in  a  retort  with  sulphuric,  acid. 
The  liquid  condensed  in  the  receiver  in  this  operation  had 
no  acidity  ;  but  there  floated  on  the  niatter  in  the  retort  a 
substance  like  fat,  which  was  separated,  washed,  and  boil- 
ed with  water.  The  water  entirely  dissolved  it  \  and,  by 
refrigeration,  crystalline  needles  were  deposited,  acid,  and 
possessed  of  peculiar  properties.  They  were  also  procur- 
ed, by  treating  distilled  fat  with  water,  filtrating  and  eva- 
porating the  liquor. 

This  acid,  which  Thenard  regards  as  the  Sebacic,  is,  ac- 
cording to  the  enumeration  which  he  has  given  of  its  pro- 
perties, without  smell :  ics  taste  is  slightly  acid  :  it  melta 
likie  a  kind  of  fat,  reddens  tincture  of  turnsole,  and  is  more 


*  Nicholson's  Journal,  Svo,  vol.  i.  p.  34. 


■olublc  at  S  high  than  at  a  low  tempcraiurc  :  boilioj  H 
ler  saturated  with  it  even  becomes  concnte  by  ivfrigt 
tion  :  alkohol  dissolves  a  l^i^c  quantity  of  it :  ic  crysot-'' 
lizes  in  small  needles,  or,  by  proper  precautions,  may  bt 
obtained  in  the  form  of  large  l.imcllx  of  a  brilliuit  ippni- 
ancc.  It  precipitates  acetate  and  nitrate  of  mercurjr  and 
of  lead,  and  nitrate  of  sijvet:  it  neumliz«s  th«  alkalis,  and 
forms  with  them  soluble  salts:  that  with  puasta  doetast 
attract  moisture  from  the  atmosphere :  it  hits  little  taite, 
and  is  decomposed  by  sulphuiic,  nitric,  or  tnuriatic  acid. 
It  does  not  render  turbid  solutions  of  Umc,  bu-ytes,  aai 
strontiics.  These  properties  are  peculiar,  and  arc  cosn- 
dercd  by  Thenard  as.  sufficient  To  (iistingoUh  thi&acid  froiD 
etery  other.  Acetic  acid  is  always  formed  with  it,  tai 
may  be  obtained  by  saturating  the  product  of  the  distilled 
fat  with  potasia,  and  decompostng'icbyntl^uriciciil, 
iipplyinp  heat  tu  vol.itiliie  the  ;irclic.  The  strong  and  pun- 
gent smell  of  distilled  fat,  he  observes,  does  not  depend  on 
any  acid,  since  the  colour  of  litmus  is  not  changed  when 
exposed  to  ihc  vapour,  but  depends  probably  on  a  portion 
of  the  fjt  volatilized,  and  partially  changed. 

Spermaceti  differs  in  some  of  its  qualities  from  ht. 
It  is  found  in  the  head  of  a  species  of  whale,  the  Pbysetci' 
nidcrocephalus,  in  an  unctuous  mass,  from  which  a  quan- 
tity of  oil  is  obtained  by  expression.  There  remains  a 
11  iky  substance,  which  Is  purified  by  melting,  washing;  with 
w.ii.T  .Hid  witli  a  wi'uk  alk.iliiie  solution.  This  is  spcr- 
niacfti.  It  aUo  e\isia  in  ilir  oilj  i>t'  oiluT  species  of  whale, 
;.i:.l  is  often  '-.poni.ineou.^ly  Jl■p(^,::,■,l, 

S,i- rniateii  is   iii  ih.iva^  i*'  i  C  ■''■v  crvnalLiif  iciL'.;--;, 
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so&y  but  brittle^  white  and  brilliant.  It  b  less  fusible 
than  fat;  its  melting  pointj  according  to  Bostock  and 
Inrine»  being  113^.  By  raising  the  heat  sufficiently,  it 
may  bevolatilizedt  and  passes  over  by  dbtUlation  with  lit« 
tie  akeration.  By  subjecting  it  to  this,  however,  repeat- 
edly, it  b  decomposed,  a  quantity  of  acid  is  etolved,  and 
a  liquid  oilfomled.  Spermaceti  is  inflammable,  and  bums 
with  a  clear  white  flame  ;  and  candles  formed  of  it  bare 
the  same  advantage  as  those  of  wax,  that  from  its  not  be- 
ing very  fusible,  the  wick'  may  be  made  small,  and  there- 
fore does  not  require  to  be  snufied. 

A  property  in  which  it  difiers  from,  fat  and  expressed 
oil,  is  ks  solubility  in  alkohbl  and  ether.  In  aftohol  it  is 
dissolved  very  sparingly.  According  to  Dr  Bostock's  ex- 
perimeots,  100  grains  of  alkofaol  dissolve  only  52  grains* 
half  %f  which  precipitates  on  cooling.  Warm  ether  dissolves 
it  nipidly ;  and  by  cooling  it  is  precipitated  so  abundantly, 
as  in  appearance  to  convert  the  whole  into  a' solid  crystal- 
lized mass  *•  It  is  also  dissolved  with  facility  by  oil  of 
turpentine  gently  heated,  and  is  deposited  as  it  cools. 

The  alkalis  act  on  spermaceti,  and  form  soaps,  less  per- 
fect, however,  and  less  soluble  in  water,  than  the  soap  from 
fat.  .A^Mtoli^t^jof  pure  potassa  dissolves  it,  and  the  coita- 
povnd  is  soluble  in  warm  water.  Ammonia  does  not  act 
pn  it  when  cold,  but  when  boiling  unites  with  it,  and  forms 
an  emulsion,  not  decomposed  by  cooling  or  by^the  addi- 
rioD  pf  water,  but  only  by  an  acid  f .  "N^ 

The  acids  have  little  effect  on  it :  concentrated  sulphu- 


*  Nicholson's  Journal,  vol.  iv.  p.  134. 
t  Bostock,  Nicholson's  Jouma^y  voL  iv.  p.  134. 
Vol.  IV.  Y  v 


compoiition  of  muicular  fibre,— a  .nan 
has  distingDiBhed  by  the  name  of  Adip 
temiedizce  between  fat  and  wax. 


OF  THE  CESEBRAL  PUL! 


The  loft  matter  whkh  eonstitatet  tli 
brain  and  nerrct,  is  evidenrly  diffzrei 
qoalittet,  from  any  other  aninial  sabm 
L-xamined  by  I'ourcrojj  with  the  view  < 
chemical  character*. 

Id  its  consistence  it  is  toft  and  pulp 
spontaneouc  decomposition  when  eipoa 
when  immersed  under  water,  remuns  1 
change.  Dried  by  the  heat  of  a  water-l 
and  ft  tittle  water  separates  from  it.  V 
btrong  fire,  it  exhales  ammonia,  swell 
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When  the  cerebral  pulp  13  diluted  with  water,  it  is  coa- 
gulated by  heat,  flocculi  separating  i  the  liquor  separated 
from  these  gives  a  precipitate  with  Ume- water,  and  affords 
phosphate  of  soda  by  crystaUiEation.  Alkohol  produces 
coagulation  ;  as  do  the  acids ;  indicating,  therefore,  a  prin- 
ciple :aii|dogOttS  to  albumen.  Sulphuiic  acid,  in  coagula- 
ting tt  re-flctsupoa  it,  an  oily  maltter  being  evolved.  Nitric 
acid  diluted  disengages  nitrogen  gas ;  and  phosphate  and 
oxalate  of  lime,  and  oxalate  of  soda,  are  found  in  the  rc- 
ndori  liquor*  Maiiatic  acid  equally  prodvices  copula- 
tion ;  and  the  ley  sSards  salts,  .the  bases  of  which  axe  soda 
and  lime,  neutralized  partly  by  the  muiiatic,  and  partly 

'  The  alkalis  dissolve  this  matter.  Potassa  acts  upon  it 
iaitbe  C0I4,  causing  an  evolution  of  ammonia :  when  heat 
if  applied,  die  compound  is  saponaceous. 

Sydi^  action  ^ef  alkohol,  not  only  is  the  matter  analo- 
-gous  to  albumen  aeparated,  but  another  substance  is  ob- 
-tanned  similar  to  some  of  the  varieties  of  adipocire.  •  The 
(aHnhol  being  xepeatedly;  applied  hot  to  the  cerebral  pulp 
previously  dried,  deposited  each  time  on  cooling  brilliant 
lamina:  of  a  yellowish  white  colour.  This  substance  was 
of  an  unctuous  appearance,  softened  at  the  heat  of  boiling 
water,  but  did  not  melt.  At  a  higher  temperature  it  ac- 
quired a  darker  colour,  and  exhaled,  during  its  fusion,  an 
cmpyreumatic  ammoniacal  odour. 

From  these  results,  Fourcroy  concludes,  that  the  ccre- 
bnli  pulp  conjsiftS'Of  a  matter  analogous  to  albumen,  more 
^xjgexijaed,  and  containing  no  fixed  alkali,  but  having  cer- 
tain phosphates  in  its  composition.  The  matter  of  the 
•nerves  is  composed  of  the  same  substance. 

Y  v2 


VV  THE  U£CUMP()SITIU.V  OF  AMIMAL  SUBSTJIS* 
CES,    FitOM    THE   JtE-ACTION   OF   THEIR   I.Lt-  | 

ME  NTS. 

X  11  £  elements  of  vhich  the  greater  number  of  aoimil  , 
substances  are  formed,  having  mutual  energetic  af&iiitini 
and  the  operation  of  these  afSnicies  being  favoured  by  tlit 
state  of  condensation  in  which  they  eicist,  tliese  substanccf 
are  extremely  liable  ro  decomposition,  from  the  re-acooo 
of  their  constituent  pans.  These  may  take  phee  citbtf  J 
at  natural  temperatures,  or  at  temperatures  more  denied  I 
:itK!  according  to  cither  of  these  circumstances,  the  Vtnd  of 
decomposition,  and  the  new  combinations  that  are  e!'l> 
blished,  are  different.  Tn  concluding  the  hlstorv  of  ani- 
mal substances,  both  species  of  spontaneous  decompositio': 
:ire  to  be  considered. 


Whi:n  any  of  the  animal  products  is  esposcd  to  he;:, 
its  elements  generally  enter  into  binary  or  ternary  coniis' 
nation.  Nitrogen  and  hydrogen  being  usually  preseni  '>'■'■ 
n.irpcst  proportion,  portions  of  them  combine,  jnd  lori" 
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ammonia,  which  acoordingly  is  always  eyolved.  Ano- 
ther portion  of  the  hydrogen  enters  into  combination  with 
carbon  and  oiygen,  forming  empyreumatic  oil,  acid,  and 
oxy-carburetted  hydrogen  gas.  Oxygen  and  carbon  unite 
and  form  carbonic  acid^  with  ^which  the  ammonia  com- 
bines; and  solphur  and  phosphoniSi  which  are  generally 
in  greater  or  less  quantity  constituents  of  animal  matter^ 
uniting  with  hydrogen,  and  probably  also  with  certain 
proportions  of  nitrogen  and  oxygen,  form  those  gases, 
haTing  a  foetid  odour,  the  evolution  of  which  peculiarly 
marks  the  decomposition  of  animal  matter.  These  pro- 
ducts are  evolved  in  different  proportions,  and  under  vari- 
ous modifications,  according  to  the  composition  of  the  sub- 
stance decomposed.  The  residual  charcoal  contains  salts, 
having  lime,  magnesia  and  soda  for  theiif  bases,  phosphoric, 
ipilphttriQ,  muriatic,  and  carbonic  acids,  and  oxide  of  iron. 

But  besides  these,  which  require  no  farther  observations, 
a  product  is  formed  from  the  decomposition  of  many  ani- 
mal substances  by  heat,  the  Prussic  Acid,  the  chemical 
history  of  which  is  still  to  be  given.  It  exists,  as  has  al- 
ready been  stated,  (page  342),  in  the  vegetal^le  kingdom, 
but,  as  obtained  from  animal  substances,  it  is  the  product 
of  their  decomposition  by  heat,  and  it  is  froih  this  source 
chat  it  is  procured  for  chemical  purposes. 

A  rich  pigment  has  been  long  known  under  the  name 
of  Prussian  Blue.  It  is  prepared  by  drying  blood,  mixing 
three  parts  of  the  dried  residuum  with  two  parts  of  the 
potash  of  commerce,  and  calcining  the  mixture  in  a  cru- 
cible by  a  red  heat :  it  is  then  boiled  in  successive  portions 
of  water,  which  are  afterwards  mixed  together,  and  con- 
4:entrated  by  evaporation.     A  solution  is  prepared  of  one 
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part  of  sulphaie  of  iron,  and  two  parts  of  alum ;  and  u 
this  tbe  liquor  obtained  from  the  calcined  blood  and  iSkt- 
K  is  added,  as  long  as  any  piecipitate  is  formed.  This 
prcctpirate  is  of  a  green  colour,  bat  by  wubing  it  wick  ■ 
little  dilute  muriatic  acid,  !t  becomes  of  a  dark  rich  Um 
colour.     This  forms  the  prusuan  blue  of  cooimctce. 

Much  attention  has  been  bestowed  on  the  investignion 
of  the  nature  of  this  substance.  At  an  early  period,  af< 
ter  Woodwaid,  in  I'^-i,  had  made  public  the  proem, 
Brown  and  Geoffroy  shewed,  that  other  animal  substanui 
besi<!es  blood,  as  flesh,  wool,  &c.  calcined  with  potaih, 
Furnished  a  ley  capable  of  fanring  prussian  blue,  and  ai* 
cercaincd  some  other  facts  connected  with  its  fonnatioo. 

Macquer  made  the  most  important  discovery  with  re- 
gard to  it, — thjc  the  property  of  forming  the  colour  if 
pends  on  a  principle  combined  with  the  alkali  ;  that  to 
the  formation  of  the  pru&sian  blue,  this  is  tranaforrtd  td 
the  iron,  and  that  it  may  be  again  abstracted  fron  h  bf 
boiling  the  blue  in  an  alkaline  solution  ;  the  properties cf 
the  alkali  are  changed,  and  it  acquires  the  power  of  xgmi 
forming  the  precipitate  of  prussian  blue,  from  a  lolotion 
of  sulphate  of  iron.  He  sht-wed  likewise,  that  the  reasoo 
(he  precipitate  is  thrown  down  groen,  is  thai  the  alk^  a 
not  entirely  saturated  with  ilie  colouriog  principle  i  At 
excess  of  alkali  throws  down,  thctcloie,  a  portion  of  yel- 
low oxide  of  iron,  which  mingling  with  the  blue  prccpi- 
late  reiiileTS  it  green,  and  the  muriatic  acid  giret  the i)e<f 
blue  colour,  by  dissolving,  and  thus  removing  tbtt  axtdt- 

Schecie  compU'Ccd  the  investigation,  and  shewed  the  fu- 
ture of  ibis  colouting  principle,  by  obtaining  it  in  a  nya- 
rate  state.  Having  found,  that  when  the  liquor  prepan<l 
from  the  calcined  blood  and  potash  Is  espotcd  to  the  Mi 
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it  loieSj  In  a  short  time,  its  po^er  of  precipitating  iron 
bhie ;  and,  that  when  a  quantity  of  this  Uquor  is  put  into 
a  vessel  filled  with  carbonic  acid  gas>  paper  that  had  been 
dipt  in  a  solution  of  sulphate  of  iron  being  attached  to 
the  cork»  is  aoon. covered  with  precipitated pxide  of  iiooy 
and  when  wetted  with  muriatic  acid  assumes  a  blue  co- 
lour:  be  conchided»  since  acidi  thua  appear  to  attract  the 
alkaU  more  stroogljr  than  the  colouring  matter  does^^  and 
since  (bis  matter  appears  to  be  volatile,  that  it  might  be 
eUained  by  distillation.  He  therefore  pus  a  quantity  of 
the  aBuline  liquor  impregnated  with  it»  into  a  retort,  with 
an  excess  of  sulphuric  acid,  and  distilled  with  a  gentle 
heat.  *  The  water  which  came  over  had  »  peculiar  smell 
and  taste,  and  produced  with  oxide  of  iron  -prussian  blue. 
Exposed  to  the  air  for  some  hours,  it  entirely  lost  this 
property,  the  colouring  principle  being  dissipated.      i  i 

Scheele  found  it  difficult,  by  single  affinity,  to  transfer 
the  colouring  matter  ffom  prussian  blue  i  for  although 
the  alkalis  attract  it^  a  portion  of  oxide  of  iron  accompa« 
niea  it;  and  hence  these  compounds,  as  he  leaarks,  are 
sdl  triple  salts,  consisting  of  alkali,  a  little  iron,  and  the 
colouring  matter.  With  that  skill,  however,  which  emi- 
nently marked  all  his  investigations,  he  discovered  a  pro- 
cess by  which  this  may  be  effected,  and  which  still  affords 
ua  the  best  method  of  obtaining  this  principle  in  an  insu- 
late state.  Two  ounces  of  prussian  blue,  and  one  ounce 
of  red  oxide  of  quicksilver  prepared  by  nitric  acid,  are 
put  into  a  flask,  with  six  ounces  of  water,  and  boiled  for 
some  minutes,  with  constant  agitation.  It  is  then  pour- 
ed on  a  filtre,  and  the  matter  which  remains  on  the  paper, 
lixiviated  with  two  ounces  of  hot  water.  The  liquid  which 
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has  passed  through,  isacombinationof  thecolourinf^mahi^ 
ler  with  oxide  of  fjuicksilver,  without  any  oxide  of  i 
This  he?  found  could  not  be  decomposed,  by  acids,  aiVi&U  J 
or  lime  i  and  the  colouring  madcr  could  be  separated  oiiIjVi  I 
by  reducing  liie  mercurial  oxide  to   tlic   meuUic  Standi 
'I'o  cfli'cl  this,  (he  filtered  solution,  from  tlie  above  quaiK  J 
lilies  of  tnuterials,  is  poured  on  an  ounce  and  a  half  ofirai^  j 
filings,  free  from  runt,  to  which  are  added  ihrce  drachm 
of  sulphuric  acid.    The  o^ide  of  quiclcsilvvr  is  reduced  ■ 
ihe  metallic  state.     The  clrar  liquor,  after  the  action  h 
ceased,  is  poured  olT  and  distilled.    When  the  fourth  patt 
has  come  over,  the  whole  of  the  colouring  matter  ia.  ob- 
tained, as  it  is  more  volatile  tlun  water,  and  rises  £r$l. 
There  is  a  slight  contamination  of  sulphuric  acid,  which 
may  be  removed  by  distilling  from  a  little  chalk  *. 

It  is  doubtful  whether  this  principle  can  bo  reiptrd«dn,  J 
an  acid.  lis  taste,  Scheele  remarked,  is  not  sour,  hut  ap-  ' 
proachcs  to  sweet,  nor  docs  it  redden  paper  tinged  with 
litmus.  It  has  scarcely  the  most  important  acid  charac- 
ter, the  power  of  neutralizing  i!ie  alkalis  and  cartlis, 
•M\A  of  forming  with  them  cryslulliaable  salts;  at  least  it 
acquires  this  power,  as  Uertholiet  has  remarked,  only  when 
;i  nifi.illic  oxide  enters  also  into  the  combination.  It  has 
only  the  remaining  cquivoc.i!  acid  characters,  of  being  so- 
luble in  water,  decomposing  soap,  :ind  precipitating  alka- 
line hydio-suijihurets  ;  aiikl,  as  the  same  chemist  has  ob- 
served, the  name  of  acid  can  be  given  to  it,  rather  frem 
the  properties  it  displays  in  its  ternary  combination;,  ihaTi 
from  those  it  has  in  its  insulated  state. 

Prussic  acid,  under  ihc  form  of  its  watery  solution,  i^-i- 
a  strong  odour,  reficmbling  th.it  of  the  peach  blossom.  !'^ 

•  S^-li.cl.'s  Chcniii-Lil  t  i.Ms,  I-.  ;n;'. 


j\KlMAL  SUBSTANCES.  713 

taste  ite  sweetish  and  pungent ;  when  pure  it  is  colourless. 
In  its  action  on  the  living  system)  it  is  highly  narcotic,  as 
has  been  already  stated. 

The  volatility  of  this  acid  is  snch^  that  it  easily  escapes 
from  its  watery  solution  ;  and  according  to  Bucholz,  it  is 
always  partially  decomposed  by  water.'  Like  the  other 
substances  of  animal  origin,  it  is  decomposed  at  a  high 
temperature  ^  though  less  readily,  as  is  evident  from  the 
fact,  that  it  is  formed  only  at  the  temperature  of  ignition. 

Prussic  acid  combines  with  the  alkalis  and  earths  9  but 
its  affinity  to  theqi  is  inconsiderable,  and  the  acid  itself  is 
so  liaUe  to  decomposition,  that  the  constitution  of  these 
compounds  is  easily  subverted,  water  -«ven  producing 
their  decomposition.  They  are  denominated  Prussiates, 
and  are  best  bbtaiiied  in  a  state  of  purity,  by  combining 
the  acid  obtained  by  the  process  of  Scheele  with  the  dif- 
ferent bases.  They  have  been  little  examined }  a  few  ob- 
servations only  having  been  made  with  regard  to  them  by 
this  chemist  ^.  With  the  fixed  alkalis,  he  remarks,  prus- 
sic acid  forms  a  compound,  which  though  it  cpntain  an 
excess  of  the  -colouring  matter,  still  restores  the  blue  co- 
lour of  paper  reddened  by  an  acid.  By  distillation,  part 
of  the  prussic  acid  is  separated  from  it,  and  it  is  decom- 
posed by  all  the  acids,  even  by  the  carbonic.  With  am<f 
monia  a  salt  is  formed,  which  has  still  the  ammotiiacal  o- 
dour,  eten  when  the  colouring  principle  is  m  excess }  this 
salt  rises  by  distillation,  nothing  but  pure  water  remain- 
ing in  the  retort.  The  aqueous  prussic  acid  dissolves  but 
a  small  quantity  of  barytes ;  with  lime  it  presents  nearly 
the  same  results  as  with  the  alkalis,  combining  with  it, 
and  the  compound  being  decomposed  by  heat,  as  well  as 

♦  Chemical  Esaayn,  2d  Dissertation  on  Prussian  Blmv 
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by  caibonic  acid,  on  t^cposnre  lo  the  air.     M;igne«ia  I 
dissolved  by  it  in  small  tjuanlityt  but  by  exposure  to  t 
Btmosplicre  is  again  prccipilaCCii.     Argil  it  iMt  <UsSi 
by  it  in  any  sensible  quantity. 

Prussic  add  has  no  sensible  action  oo  metals ;  but 
ncU  on  ihe  oxides  of  some  of  them.  Thus,  oxide  of  si 
beconies  white  j  oxide  of  silver,  precipitated  by  a 
line  carbonate  from  its  nitrous  solution,  yields  its  c. 
acid  with  slight  eft'ervesceitce  -,  oxide  of  quiclcsilrer  is  d 
solvej,  anil  the  solution  crystallizes  in  four-stded  priiiMl^ 
oiiide  of  copper  assumes  a  citron  colour,  and  oxide  of  co- 
balt a  yellowish  brown.  The  oxides  of  iron,  tin,  lead, and 
indeed  the  greater  number  of  the  other  metals,  are  uot 
aS'ected  by  it.  It  decomposes,  however,  som«  of  ibc 
metallic  salts  :  from  a  solution  of  nitrate  of  silver,  a  while 
powder  is  thrown  down  ;  from  carbonate  of  irooiapnci*  J 
pitaie  at  first  of  a  sea-green  colour,  which  changes  toi 
blue,  and  from  nitrate  of  mercury,  a  black  powder.  By  boil- 
ing red  oxide  of  mercury,  either  with  prussiate  of  poiash 
or  with  Prussian  blue,  the  prussic  acid  conibines  with  the 
oxide  of  mercury  ;  and  if  the  boiling  be  repeated  seveni 
times  with  the  mercurial  oxide,  nearly  the  whole  of  the 
iron  is  separated  ;  and  a  prussiate  of  mercury  is  obtained 
which  crystallizes,  and  which  is  not  decomposed  by  the 
alkalis,  or  by  sulpimric  or  nitric,  but  only  by  muriatic  acid. 
This  is  of  any  of'the  combinations  of  prussic  acid,  there- 
fore, the  one  which  best  dispbys  lis  acid  powers. 

IJy  coniplos  afiinity,  mote  striking  effects  are  produced 
on  the  metallic  salts,  in  examining  these,  Scheele  em- 
ploy,-d  [.--rusiiate  of  lime  ;  and  he  gives  the  following  cnu- 
iTicr.j.tioii  ot  tiie  changes  it  occasions.  A  solution  of  it  being 
pour>.d  i'lto  a  solution  of  gold,  a  precipitate  is  thrown 
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p'lifiWn  to  a  wl)itc  powder,  wh>cH  is  ledUsoIved  w! 
prnssiate  is  added  Id  excels,  forming  a  colourless  si 
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I  changed  :  that  of  silver  i 


prectpiuied  of  a  white  colour,  ;ind  of  a  cotuUtence  like 
that  of  cheese;  ihe  prccipifiic  being  redissolved  by  an 
exccH  of  the  pruasiatc,  and  the  combination  in  this  case 
bnng  to  ir^timaie,  that  it  is  not  decumposcil  by  muriatic 
scid.  Mercury  is  precipitated  from  its  nitrous  solution  to 
the  form  of  a  Mack  poivder.  Sulphate  of  copper  is  pre- 
itaicd  of  a  citron  colour  -,  the  precipitate  being  rc-dis- 
by  an  excess  of  ih^  pruisiate,  and  forming  a  colour- 
jUor,  ifl  it  does  also  when  submitted  to  the  action 
ammonia.  Sulphate  of  zinc  gires  a  precipitate 
'hite  colour;  and  this,  unlike  the  greater  number  of 
prmpitatFs,  is  soluble  !n  acici#.  Sulphate  of  iron  is 
itaied  first  of  a  yellowish  brown  colour,  which  toon 
to  green)  and  then  beconwa  blur  on  the  surface, 
'does  also  imrocdi-iltly  on  adding  an  acid-  From  ace- 
if  lead,  a  while  powder  is  precipitated  ;  from  theso- 
of  cobalt,  a  powder  of  a  brownish  yellow  colour } 
of  these  being  redissotved  by  an  eicet*  of  acid. 
it  compounds  are  established  by  prnstiate  of  potas- 
addcd  to  the  metallic  solntions,  of  which  Proust  has 
grtcn  an  account.  It  la  probable  llut  ihc  greater  num- 
ber of  them  aie  triple  combinations  i  the  prussic  acid, 
with  part  of  the  taliliable  base,  enicring  into  combination 
with  the  metallic  oxides,  the  piussic  acid  having  a  tenden- 
cy lo  form  such  ternary  combinations  :  hence,  as  Berthol- 
let  hit  remarked,  the  supernatant  liquid  retains  an  excess 
of  acid,  though  the  prussiaie  by  which  ilic  nwtaUic  salt  i« 
droomposcd  contains  motu  alkali  than  is  requisite  toils 
Aontivn,  and  the  precipitate  weighs  more  than  it  could  do 
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•  pOK  proSihlH,  the  ukuIIic  oxiJe  exerting  such  an  iSacj 
k.yi  ti>e  pfttstii:  acul  u  id  pTtserre  it  from  deconpaeieB. 

Of  itine  Cematy  combinadont,  th<»c   vitb  «o 

a  »re  of  iinportaace,  fmm  thetr  use  u  dwanol 

r  and  ss  formiag  pmuiui  bltte.     The  liqoor  ^HA  u 

■1  br  di^esimg  an  aDciline  solution  on  pnuaui 
litof  this  nature^  k  il«rays  contains  iron;  andbcDOt, 
I  att  >cid  is  added  so  a«  to  saturate  part  of  the  attaCt 

*  cSpitste  of  pmssian  bine  is  formed.     Wbro  the  (oli 
it  added  to  a  tolotioti  c^  iron,  a  Wger  proponion  of  onb 

cijiitate,  wh-le  th^'  alkali  is  partly  attracted  faj-  the  jcii 
with  which  ihe  iron  wjs  combined. 

'Hie  nature  of  these  cooibiiiations  is,  howerer,  coni- 
lierably  diveraified  by  the  state  of  the  iron  with  regarJ  to 
oxidizeniert,  a3  Proust  more  particularly  pointed  on:' 
If  it  exists  in  combination  with  an  acid  at  the  mir-imLi; 
of  oxidizement,  the  precipitate  formed,  by  adiling  i-f 
common  prussiaie  of  potassa  and  iron,  is  of  a  whiti'  cc- 
lour,  but  from  c\posure  to  the  air,  it  rapidly  acquirri  J 
blue  shade  ;  or,  if  the  metjl  be  it  a  higher  stale  of  ciiJ- 
izumcnt,  the  precipitate  is  at  the  first  blue.  Genim'if) 
however,  as  thrown  down  from  the  solution  of  iron,  il"  ^ 
acid  liC  p;-tsent,  it  is  of  a  greenish  colour,  from  an  cuca 
uf  oxide.      This  is  prevented  when  the  solution  efifr" 


»\ 


'  Niaiulio.j'a  Juumal,  4ln,  vd.  i.  p.  ^J^■,  Sto,  vol.  « 


AXlilAL  SUBSTANCES.  71/ 

has  an  excess  of  acid  }  or  the  green  precipitate  assumes  a 
hine^  when  this  oxide  is  removed  by  washing  with  a  di- 
lated acid.  It  thus  appears,  that  there  are  various  prus- 
Mates  of  potassa  and  iron,  differing  both  in  the  proportions 
of  the  alkali  and  the  oxide  to  the  acid,  and  in  the  degree 
of  osjgenizement  of  the  metal.  According  to  Berthollet, 
boweveri  the  distinction  between  the  white  and  the  blue 
pmssixtes  does  not  depend  merely  on  this  cause,  but  vai- 
Uier  on  the  force  of  affinity  exerted  by  the  acid  to  the 
oxide  of  iron  io  its  different  degrees  of  oxidizement,  and 
which  b  therefore  capable  of  being  varied  by  causes  which 
do  not  change  the  ttate  of  oxidation^  as  by  water  or  by 
the  addsi  of  which  he  gives  several  examples  *• 

The  triple  prussiate  which  is  obtained  by  boiling  an  al- 
kaline solution  on  prussian  blue,  has  been  much  used  by 
chemists  as  a  test  to  discover  the  presence  of  iron,  it  be- 
ing a  delicate  one,  from  the  deep  blue  colour  which  it 
strikes  with  the  iron  at  the  maximum  of  oxidizement.  As 
it  always  contains,  however,  a  portion  of  iron,  it  is  liable 
to  fallacy ;  for  if  any  free  acid  be  present,  or  be  evolved 
in  the  application  of  the  test,  this  redacts  upon  it,  and 
gives  rise  to  a  precipitate  of  prussian  blue,  indicating,  of 
course,  iron  to  be  present  when  it  is  not.  Chemists  have 
endeavoured  to  remove  this  source  of  fallacy,  by  freeing 
it  from  this  portion  of  iron  \  but  it  does  not  appear,  that 
by  any  process  it  can  be  entirely  abstracted.  Rtchter  ami 
Bncholz  have  even  concluded,  from  their  investigations, 
that  the  presence  of  the  oxide  of  iron  is  essential  to  pre- 
serve the  constitution  of  the  prusstc  acid  ;  that  tiii*  com- 
pound of  this  acid  and  the  alkali  alone,  can  be  formed 
only  in  the  dry  way,  and  at  the  temperature  of  ignition  : 

*  Cbemical  Statics,  voLii.  p.  ^15. 


OF  THE  DECOMPOSlTinN   Of 

mhcn  it  is  dissolved  in  water,  it  is  immcdiMdj  deem 
I  poseii ;  part  of  ihe  prussic  acid  escupcit  a»d^  fnm  til 
lell  of  ammQnia  produced,  pxtt  appears  tobeiem^ 
:  it  is  oaly  from  the  presence  of  oxide  of  into  Am 
s  cumbinjiion  is  established  ;  and  it  is  more  pertaaatm, 
[  ^  th^  proportion  of  tlii^  Is  hr^ex.  All  cbe  ft<apam 
I  produced  by  means  of  the  lest  prepared  in  tlw  oiul  ii» 
l^faod,  they  conclude,  contain  iron,  and  are  dtfferait  b 
ieit  ccilDur  from  those  wliL-re  the  iron  is  not  prescnl  *. 
•  I[  appears,  however,  that  when  tlte  triple  prtusiat: « 
poinsta  and  iron  contains  oaty  a  cett:uB  quantity  of  tk 
mct^l,  thi«  exists  in  the  ccmbinatioD  with  sach  forcetf 
attraction,  th:it  even  i  frue  acid  does  not  snbvnc  i:j 
produce  prussiun  blue ;  and  that,  therefote^  a  triple 
fliaiG  of  this  nature  may  be  futmed,  which  may  he 
ed  with  moSe  accuracy  as  a  test  of  iron.  The  bqMT 
■which  is  prepared  from  iho  niisiure  of  blood  and  rsf'- 
ash  calcined,  i=,  under  this  point  of  view,  prcfer^Jl'^  '■'- 
that  prep-red  fran  the  action  of  an  alkaline  lev  on  prei' 
sian  blue  ;  for  ahhough  the  former  contains  a  portion  t; 
oxide  of  iron  derived  frcni  the  blood,  yet  it  is  much  1?;^ 
considerable  ihiii  that  which  the  latter  contains,  ih; 
proportions,  according  to  IJucliolz,  wliich  answer  be.j  -' 
preparing  the  triple  prussiate  with  this  vii'w,  are  two  p^''-' 
of  dried  blood  with  one  of  carbonate  of  potassa ;  ihts  ii.;i- 
nirc  being  heated  to  reiiiiL'ss  in  a  crucible,  and  bring  kit' 
ill  a  state  of  ignition  fur  tiiree  quarters  of  an  hour  iv..' 
the  fiimf  that  appe;ir';  ^t  the  surface  has  ce.is-;d.  i;i-' 
dissolved  in  water,  alTorJs  a  liquor  which  contains  ohi'  - 
jinatl  quantity  of  iron,  and  which,  dropt  in:o  mui;;:- 
,:cl.l,  aUbrds  no  blue,  bat  only  a  white  prccipitare- 
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£ven  the  common  solution  of  triple  prussiate  of  potas^ 
M9  and  iron  prepared  by  digesting  an  alkaline  solution 
with  pmsaiate  of  ironi  may  be  so  far  freed  from  the  me- 
tal as  to  be  used  as  a  test.  A  process  of  this  kind  em- 
ployed by  Klaproth  has  been  described  by  Mr  Kirwan  ^. 
The  most  essential  circumstance  appears  to  be  crystallizing 
the  impound*  by  which  mudi  of  the  foreign  matter  is 
abstracted.  The  liquor  is»  filtered,  and  any  excess  of  al- 
kali saturated  by  the  addition  of  sulphuric  acid  ^  (or,  as 
Richter  has  since  proposed,  by  acetate  of  lime :)  it  is 
poored  off  clear  from  a  precipitate  which  is  thrown  down, 
and  is  eTaporated^  so  that,  when  set  aside,  it  shall  crystal- 
lize :  crystals  of  a  cubic  form  and  of  a  yellowish  colour 
are  found  mingled  with  crystals  of  sulphate  of  potassa, 
and  with  oxide  of  iron.  The^ormer  are  picked  out,  and 
redissolTed  in  water :  any  sulphuric  acid  that  may  be  pre- 
sent is  removed  by  the  addition  of  barj'tic  water,  and  it 
is  again  made  to  crystallize.  These  crystals  are  dried  and 
kept  for  use :  if  they  receive  no  bluish  tinge  when  wetted 
with  muriatic  acid,  they  may  be  considered  as  sufficient- 
ly pure  to  be  employed  as  a  test. 

Dr  Henry  has  given  another  process  f.  To  a  solution 
of  potassa  heated  nearly  to  its  boiling  point,  prussian  blue 
18  gradually  added  until  its  colour  cease  to  be  destroyed. 
The  liquor  is  filtered,  and  there  is  added  to  it,  while 
warm,  a  little  dilute  sulphuric  acid,  by  which  much  of 
the  oxide  of  iron  is  precipitated  in  the  state  of  prussian 
blue  \  the  addition  of  the  acid,  by  successive  portions,  be- 
ing continued  until  no  blue  precipitate  is  thrown  down. 
A  solution  of  sulphate  of  copper,  in  6  parts  of  water,  i' 

^  EkmeRts  of  Mineralogy,  vol.  i.  p.  4P4. 
f   Epitomir  of  Chciri'.tni',  p.  230 
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ihen  prepared,  and  this  warm  is  lo  be  poured  iiUo  (be 
clear  itijuor  poured  otT  from  the  blue  piecipiiatc,  ai  l<a§ 
as  a  reddish  brown  sediinent  continues  to  appear.  TUl 
is  pniasiate  of  copper ;  it  i»  to  be  washed  repeatedly  wi^ 
warm  water  until  ttie  water  come  off  colourless,  andi^ 
ihcn  to  be  dried  un  a  chalk-jtonc.  This  precipitate,  wl 
dtyi  is  to  be  added  to  a  soluiioii  of  pure  potassai  : 
prussic  acid  will  le^ve  the  oxide  of  coppcti  and  oombia^ 
with  the  alkali,  forming  a  prussiaie  as  five  from  irooi^ 
can  be  prepared.  -■- 

TJie  test,  as  prepared  b^  any  of  these  proceJM^5,  al»^ 
contains,  however,  a  quantity  of  oiidu  of  iron  ;  an.1  al- 
though, from  the  strong  attraction  with  wlucli  this 
rained,  it  may  be  used  without  much  fallacy  to  diicoi 
tIm  presence  of  iron,  it  c^uot  be  cmpbyed  lo  dclni 
lis  quantity,  from  the  precipitate  which  it  thsows 
from  any  liquor  ccnlaining  this  metal  j  at  least  without 
;illowaiice  biihi;  iiiiile  for  ilie  qojiuiiy  it  does  cuiu_iiT. 
This  is  done  by  di^compoiinj;  100  grains  of  the  t,ryii-i- 
lizcd  prussiate,  by  e\pjsuie  to  a  strong  red  heat,  disco- 
vcTiug  what  i[U.iii[ity  w;  o.\lde  of  iron  lemains,  and  ftLn. 
this,  by  knowiiiy;  what  quantity  of  the  SLilt  has  been  cni- 
iilovfd  in  the  precipitate,  dcieiminiiig  what  quaiitiivci  :h'. 
iron  which  it  iudicnics  has  h.-,'n  derived  from  this  souicf. 
Ill  general,  the  try..i:i!li;-^.l  halt,  ai  prepared  by  tlieieii,.'- 
liicds,  coiiuins  ftoiTi  Jl'  lu  'JO  in  iOO  pans  of  oiide  (■; 
1l-om.  lierthollL-t  has  observ  hI,  lliiit  it  is  ,v..-i<.-  toji,M::i  .; 
its  conipotitiiin,  ii"  it  b.'  e.;!eiucd  lij;hlly  prrviciis  in  'i.e  .;■ 
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or  to  detennioe  it$  quantity,  cannot  be  considered  as  per*- 
fectly  accurate. 

Tlie  triple  pru89iate  is  also,  in  the  cotjiHQon  method  of 
preparing  it,  impure,  from  a  mixture  of  aujpbate  of  potas- 
ea  derived  from  the  potash  of  commerce,  from  which  it 
faaA  been'  prepared  ;  and  this  is  the  soAirce  of  a  mistake, 
which  9it  one  time  prevailed  among  chemists,  that  barytes 
is  precipitated  copiously  by  thi$  test  frond  its  saline  solu- 
tions^ .-  This  may  be  removed  by  the  actioa  of  barytes ; 
an  additional  step  which  Dr  Henry  proposes^  to  obtain  a 
pure  test,  a  solution  of  barytes  in  warm  water  being  added 
CO  the  liquor  prepared  by  the  process  described  above,  as 
Jong  as  a  white  precipitate  ensues*  A  prussiate  is  thus 
lobtained,  free  from  sulphates,  and  nearly  fjree  from  iron, 
which  by  gentle  evaporation  affords  very  regular  crystals. 

The  Prussian  Blue  of  commerce,  besides  its  essential 
principles,  contains  adways  a  quantity  of  argil.  This  is 
derived  from  a  quantity  of  alum,  dissolved  along  with  the 
sulphate  of  iron,  previous  to  the  precipitation  of  this  by 
(the  addition  of  the  ley  from  calcined  blood  and  potash  ; 
and  serves  the  purpose  merely  of  diluting  the  deep  colour, 
and:  giving  more  consistence  to  the  pigment. 

The  common  prussiate  of  potassa  and  iron  not  only 
predpihites  iron  £com  its  solution,  but  the  greater  number 
of  the  other  metals,  all  of  them,  indeed,  except  platina, 
antimony,  and  tellurium  \  and  thus  aiFords  a  test  useful  in 
discovering  the  metals. 

Besides  the  triple  compounds  of  prussic  acid,  potassa, 
and  oxide  of  iron,  other  ternary  combinations  are  formed 
with  the  other  salifiable  bases.  That  of  barytes^  the  pro- 
perties of  which  have  been  pointed  out  by  Dr  Henry,  has 
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been  alrcndy  noticed.  It  is  crjsiatlizable;  the  cr^jbls  W  i 
rliomboidat,  and  have  a  yellow  colour  j  ihey  are  aparinglf 
eolublc  inWjterj  four  ounces,  at  65°,  not  dUtc^ving  mtac 
llian  one  grain,  and  only  bei«-een  fi»c  aD<!  six  grains  <  ■ 
215",  The  prusstate  of  etrontites  and  iron  is  le*a  dispo^ 
Ecl  to  cryeiallize:  (he  dry  OtASi  obtained  by  enpontionii 
readily  soluble  iir  water  ■  one  ounce,  at  63",  dicMltte 
iSO  grains  *■  The  prusslate  of  lime  and  iron  is  deposited, 
by  KrapcraiioTT  of  itx  solution,  in  minute  crystaU  of  a  ^  i 
lowish  tinge.     The  others  are  scarcely  known. 

The  compound  formed  from  the  precipitation  of  ibf 
«all»  of  copper  by  the  triple  prussiatet  is  of  a  fine  browt 
colour :  it  has  bcon  introduced  as  a  paint  by  Mr  Hatchet^  . 
ynd  found  superior  to  every  brown  pjint  now  in  use  is 
beauty  and  intensity.  Tho  deepest  colour  is  obtained  JnS 
the  muriate  of  cefper,  precipitated  hf  tfat  prvsEUte  «f  i 
)lmi?  and  iron ;  the  muri.iic  beinp  dissolved  in  ten  parts  of 
(iisilllctt  water,  and  the  saluiion  of  the  prusiiiate  added  as 
long  as  there  is  any  precipitation  f. 

From  the  origin  of  priissic  acid,  it  may  be  inferred  to 
consist  of  the  elements  that  usually  form  the  animal  pro- 
ducts. Tl;:s  is  confirmed  by  the  results  of  its  analysis-  1: 
was  known,  tbat  pnissi.in  bliif,  drcomposcd  by  heat,  af- 
fords ammonia  ;  and  Stiieck'  foumi,  that  ammoni»  is  vicld- 
ed  also  by  the  other  prusSMtcs,  with  carbonic  acid  pas  arH 
rcsiduril  charcoal.     The  sr.iie  of  ciicmistry  at  that  perioi 
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poivder  and  sub-carbonate  of  potassa^  and  raised  them  in 
a  crodble  to  a  red  heat.  He  then  thrust  to  the  bottom  of 
the  crucible  nezily  the  same  proportion  of  muriate  of  am- 
monia, in  small  pieces :  in  two  minutes^  the  production  of 
ammoniacal  rapours  had  ceased  :  the  matter  was  imme- 
d^Uelj  lixiviated  with  hot  water ;  it  afforded  a  ley,  which 
copiously  precipitated  prussian  blue  from  sulphate  of  iron. 
'A  similar,  though  less  perfect  result,  was  obtained  when 
he  substituted  plumbago.  And  from  these  it  appears,  as 
he  remarks,  that  volatile  alkali,  with  carbonaceous  matter, 
can  afibrd  prussic  acid  *•  No  farther  inference  could  be 
drawn  while  the  nature  of  ammonia, was  unknown. 
-  Bfljrtbollet,  when  he  had  discovered  the  composition  of 
ammonia,  applied  the  discovery  to  the  theory  of  the  form- 
ation of  prussic  acid,  and  inferred,  that  this  is  formed  from 
the  -elements  of  the  ammonia^ — nitrogen  and  hydrogen  en- 
tering into  combination  with  a  portion  of  carbon  ^  and  that 
it  is  therefore  a  triple  compound  of  these  principles  f. 
This  has  been  confirmed  by  a  variation  in  the  mode  of 
performing  the  synthetic  experiment  of  Scheele,  execut- 
-ed  by  Clouet ;  passing  ammonia  in  the  gaseous  form,  dis« 
engaged  from  a  mixture  of  muriate  of  ammonia  and  quick- 
lime, through  a  tube  filled  with  charcoal  and  kept  at  a 
full  red  heat :  the  gas  is  received  at  the  extremity  of  the 
tube,  in  bottles  containing  water,  or  an  alkaline  solution  ^ 
and  pure  prussic  acid  is  found  at  theend  of  tbeexperiment:}:. 
It  has  been  considered  as  doubtful,  whether  oxygen 


«  Chemical  Essays,  p.  403. 
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proponion,  from  finding,  that  in  its  <)ecoinpo«itida 
gas  disengaged  was  chiefly  carburetted  hydrogen) 
csTbonic  acid.      All  the  species  of  caihuretted  h' 
however,  no  doubt  contain  ojygen  in  their 
carbonic  acid,  too,  is  proiluced  in  a  ccnain 
Schcrele  observed ;  and  Vaiiquelin  has  rematked,  that 
ever  diy  a  pnisfiiate  may  bo  when  subjected  to  de«om|«- 
aiclon  by  hcai,  carboniie  of  ammonia  is  sdwajs  prodvui 
It  can  scarcely  be  doubted,  therefore,  that  oxygen  a 
into  its  composition ;  and  accordingly,  Vauquelin  hai 
served,  that  in  the  formation  of  it  from  ammonia  and  dw^, 
coal,  tha  quantity  is  much  increased  if  a  substance  be 
ed  which  can  afford  oxygen.     Thus,  if  oxide  of  Ind  kt 
employed  instead  of  iiroe  to  decompose  the  marine  d 
nmn)o:na  win;ii  it  ];■  heated  in  .i  st.neof  mi.xture  withclw!- 
co.il,  the  product  of  pruisic  acid  n  augmented  in  ilie  pr^ 
portion  even  of  six  to  one  '. 

BertholUt,  in  his  experiments  on  this  substance,  o^ 
served,  that  wlicn  it  wds  submitted  to  the  action  of  cry- 
murijtic  acid,  it  suffers  a  clicmical  change,  receiving oi|- 
gen,  and  the  oxymuriatic  passing  to  the  state  of  muru^i 
ricid.  It  is  not  very  clear,  whether  in  this  caseth*ptv 
sic  acid  merely  receives  a  portion  of  oxygen  into  its  coo 
position,  or  whether  the  oxygen  combines  with  ii(  h^ 
gen  or  carbon  only.  The  acid  in  this  state  aojuiw 
slrotigir  smell,  becomes  mere  volatile,  and  appears  tC' 
crt  less  energetic  afiiniiies  to  the  alkalis  :  it  prerip'S^ 
vrui!  green  from  its  solutinns  i  and  this  precipitate  bc^;^ 

'   Mriiiiiul  of  Clicmiitry  by  Lagrange,  vol,  ji.  p.  f"' 
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blue  from  exposure  to  light,  or  from  the  action  of  .sulphu- 
rous acid,  or  iron.  If  it  be  still  more  impregnated  witli 
oxymuriatic  acid,  and  be  then  exposed  to  the  light  of  the 
sun,  it  appears  entirely  to  change  its  nature :  it  separates 
in  the  form  of  an  oily-like  matter,  of  an  aromatic  odour^ 
which  subsides  to  the  bbttom  of.  the  rcssel,  and  which, 
if  converted  into  vapour  by  the  application  of  heat,  still 
refuses  to  unite  with  water  or  with  oxide  of  iron.  When 
the  acid  is  in  that  state  in  which  it  forms  a  green  precipi- 
tate with  iron,  if  lime  or  an  alkali  be  added  to  this  prcci* 
pitate,  iammonia  is  evolved.  '* 


SECT.  ir. 

OF  THE  Spontaneous  decompcisttion  i;p  animal  sib 

STANCES  AT  LOW  TEMPERATURES. 

When  the  affinities  of  the  elements  of  dead  animul 
matter  are  allowed  to  operate  by  that  degree  of  humidity 
or  softness  which  these  substances  usually  have,  new  com- 
binations are  established  even  at  natural  temperatures, 
iHiich  continue  to  ptxxeed  until  the  animal  substance  is 
entirely  decomposed.  Changes  of  this  kind  oonstitute  the 
general  process  of  Putrefaction ;  though  tiiey  are  also 
considerably  varied,  according  to  the  circumstances  under 
which  they  take  place,  and,  in  particular,  according  to  the 
presence  of  air  and  humidity. 

If  animal  matter  be  entirely  excluded  from  these  two 
agents,  in  other  words,  if  it  be  completely  dried  and  se- 
cluded from  the  atmosphere,  it  decays  very  slowly,  any 
sensible  chemical  decomposition  not  bemg  produced  in  it 
for  a  very  greut  number  of  years. 


nal  substances  which  arr  not  soluble 
ter,  tSoGC,  for  example,  which  consist  priitcip:iilj  of 
u  the  muscuhr  fibre  or  flesh,  be  kept  compressed,  ot  hc 
imDM^'Ked  in  water,  as  the  air  is  thus  nearly  exclutlalithc. 
Beries  of  changes  are  modified,  and  the  fibriii  it  ultiin»e>' 
ly  convened  into  a  substance  of  a  fatty  nature>ltavingill> 
deed  nearly  all  the  properties  of  spermaceti. 

This  species  of  ile composition  was  firet  particularly  ob- 
served on  the  occasion  of  the  removal  of  a  buryiugground 
in  Paris,  containing  common  gmveS)  or  receptacles  det> 
lined  for  the  poor,  in  which,  with  a  singular  indiffemia^  i 
a  number  of  bodi&s  were  accumulated  together.  It  wtt  | 
known  to  the  grave-diggers,  that  after  a  number  of  yean, 
they  were  converted  into  a  species  of  fatty  mattet.  Four- 
croy  examined  the  appearances  presented,  and  has|;ivca« 
memoir  on  the  subject,  to  which  I  refer  *.  It  has  uno  J 
bcL-n  shewn  by  Dr  Gibbes,  that  when  the  flesh  of  animih 
ii  immersed  under  water,  it  is  converted  into  a  siiriljr 
fatty  matter ;  in  a  piece  of  lean  beef,  secured  in  a  runnirg 
Stream,  the  conversion  was  eflected  in  the  course  of  a  fcu 
months  i  and  it  was  als,o  produced  by  the  agency  of  diluic 
nitric  acid  f.  In  these  cases,  part  of  the  nitrogen  and  hy- 
drogen appear  to  combine  together  and  form  amnionij, 
which  is  found  in  the  fatly  matter,  while  another  portion 
of  hydrogen  with  carbon,  and  a  proportion  of  oxygeii, 
iv:m  the  lat. 

\Vhc-ii  (he  armo:.i.!Ki;c  air  is  admitted  to  animal  ;ub- 
Sl.;iK''.i.,  and  muiituvf  ib  present,  the  process  more  striiili 
ii.mied  Viiirefauiiou  lA^-.-.  pUce.     'i'liis  l.as  been  Mnxi, 
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that  Species  of  decomposition  or  change  in  the  mixture  of 
organic  matters,  by  which  ammonia  and  a  particular  ^u- 
^rtum  of  a  most  xrfiensive  smell,  called  Putrid,  are  formed. 

* 

Ittakes  place  only  in  those  substances  which,  besides  car- 
bon and  hydrogen,  contain  nitrogen  and  phosphorus :  such 
fiOB  die  animal  products  and  vegetable  gluten. 

The  circumstances  more  peculiarly  faTonrable  to  it,  are 
a  due  degree  of  heat  and  moisture,  and  access  of  air.  A 
temperature  from  60"^  to  80^  of  Fahrenheit,  best  favours 
jt8  progress:  by  intense  cold  it  is  entirely  checked. 
' :  . Whenthis  process  commences,  theihatteremitsa  slight- 
ly ofiensive  smell,  which  soon  becomes  extremely  foetid ; 
the  taste  likewise^  becomes  nauseous :  the  colour  is  green- 
ish :  the:firmness  and  cohesion  of  the  substance  are  soon 
-diminished,  and  at  length  it  becomes  soft  and  pulpy  i  its 
smell  becoming  more  and  more  offensive.  It  thus  conti^ 
noes,  losing  weighty  untile  the  putrefaction  is  completed, 
and  little  remains  hut  an  earthy  residuum. 

'In  this  process  then,  the  putrefying"  miatter  b  resolved 
into  new  compounds,  which  escape  in  the  gaseous  form. 
The  precise  nature  of  these  .combinations  his  not,  from 
the  extreme  ofiensiyehess  of  the.  pnocess,  been  accurately 
ascertained,  and  they  probably  vary  somewhat  according 
to  the  nature  of  the  animal  substance,  and  the  circumstan- 
ces under  which  the  putrefaction  takes  place.  Ammonia 
is  formed  by  the  union  of  the  nitrogen  and  hydrogen  of 
the  animal  matter,  and  frequently  also  acetic  acid,  by 
which  it  is  neutralized.  Phosphuretted  hydrogen  is  dis- 
engaged, since  that  gas,  even  when  obtained  pure,  has 
very  perceptibly  the  odour  named  Putrid ;  and  it  has 
often  been  observed,  that  animal  matter  during  putrefac- 
tion  has  appeared   luminous.      Sulphuretted  hydrogen 
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